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PREFACE  TO  THIRD  EDITION 

The  present  revision  was  undertaken  in  response  to  the  sugges- 
tions and  requests  of  many  users  of  the  earlier  editions.  The 
practical  value  of  the  Handbook  is  increased  by  the  addition  of 
approximately  350  pages  of  new  material  covering  mountain  road 
location  and  design,  camp  equipment,  medical  notes,  notes  on  pho- 
tography, the  selected  soil  and  gravel  treatment  of  moderate  traffic 
roads,  and  the  more  recent  developments  of  hard  surfaced  types. 
There  is  no  change  in  the  general  scheme  of  the  publication,  which 
is  primarily  a  compact  collection  of  reference  data  and  time  saving 
tables.  For  the  benefit  of  men  not  entirely  familiar  with  the  road 
problem,  the  discussion  of  principles  has  been  retained,  and  in  some 
cases  where  it  has  been  shown  that  certain  arguments  in  the  previ- 
ous editions  have  failed  to  make  the  impression  warranted  by  their 
importance,  the  discussion  has  been  amplified  and  illustrated  by 
examples  of  construction  and  design.  We  wish  particularly  to 
emphatize  gradeline  design,  which  is  not  at  present  receiving  the 
attention  to  which  it  is  entitled,  and  also  point  out  the  practically 
universal  lack  of  adequate  maintenance. 

The  costs  given  in  the  body  of  the  text  are  for  comparative  pur- 
poses only  and  are  based  on  labor  at  from  $0,175  to  $0.20  per  hour 
and  material  costs  of  the  period  191 2  to  1915. 

For  the  improvement  01  future  editions  we  request  your  cooper- 
ation in  the  correction  of  typographical  errors,  and  the  addition 
of  any  omitted  data  generally  useful  in  road  work. 

Verv  few  highway  engineers  are  satisfied  with  the  road  legislation 
or  technical  practice  of  today  or  believe  that  it  can  be  applied  as  it 
stands  to  solve  the  highway  problem  in  this  country  in  the  next 
fifty  years,  but  the  data  that  has  been  collected  from  experience 
serves  as  a  basis  for  future  improvement.  There  is  every  reason 
to  be  optimistic  in  regard  to  road  development  provided  the  prob- 
lem is  approached  with  constructive  imagination  and  encourage- 
ment is  given  to  departure  from  methods  whose  main  defense  lies 
in^ecedent  or  habit. 

The  work  of  revision  for  this  edition  is  entirely  that  of  W.  G. 
Harger. 

W.  G.  H. 
E.  A.  B. 

Rochester,  N.  Y.,  January,  1919. 


PREFACE  TO  SECOND   EDITION 

Since  the  publication  of  the  first  edition  of  this  book  four  years 
ago,  considerable  progress  has  been  made  in  the  practice  of  road 
design  and  construction.  To  meet  this  advance,  this  handbook  has 
been  revised  by  bringing  the  material  on  top  courses  up-to-date, 
and  by  adding  considerable  data  on  tests,  designs,  costs,  mainte- 
nance and  specifications.  Not  only  has  much  of  the  old  material 
been  revised,  but  new  material,  totaling  approximately  loo  pages, 
has  been  added.  The  criticisms  and  suggestions  of  many  who  have 
used  the  book  in  the  field  and  office  have  aided  the  authors  in  this 
revision. 

A  more  complete  and  systematic  index  has  been  prepared  by  Mr. 
Percy  Waller. 

The  general  arrangement  of  the  book  remains  untouched. 

W.  G.  H. 
E.  A.  B. 

Rochester,  N.Y.,  May,  1916. 


PREFACE  TO  FIRST   EDITION 

The  purpose  of  this  book  is  to  collect,  in  a  compact  and  conven- 
ient form,  information  ordinarily  required  in  the  field  and  office 
practice  of  road  design  and  construction. 

The  book  is  designed  to  meet  the  requirements  of  both  experienced 
and  inexperienced  road  men.  The  material  on  the  relative  impor- 
tance of  the  different  parts  of  the  design,  and  the  possibilities  of 
economy,  without  impairing  the  efficiency  of  the  road,  are  primarily 
for  the  inexperienced  engineer.  The  collection  of  cost  data  and  the 
tables  will  be  usefid  to  any  one  engaged  in  road  work. 

As  it  is  difficult  to  avoid  clerical  errors  and  mistakes  in  proof- 
reading in  first  editions,  we  shall  appreciate  the  cooperation  of  read- 
ers in  calling  our  attention  to  any  errors. 

W.  G.  H. 
E.  A.  B. 
RocHESTES,  N.Y.,  April,  1912. 
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HIGHWAY  ENGINEERS 


INTRODUCTION  AND  GENERAL  ANALYSIS 

The  highway  question  can  not  be  treated  as  a  local  issue,  as  with 
limited  funds  it  is  often  impossible  to  make  improvements  that 
are  necessary  to  pioneer  development,  or  that  are  suitable  for 
modern  long  distance  traffic.  The  national  importance  of  the 
problem  is  recognized  by  the  steady  growth  of  State  and  Federal 
aid,  which  has  already  done  much  to  improve  engineering  control 
and  to  increase  financial  resources.  In  many  localities,  however, 
it  is  still  impossible  to  obtain  enough  money  for  proper  design, 
and  for  these  cases  any  solution  is  more  or  less  unsatisfactory  from 
an  engineering  standpoint. 

Road  design  ranges  from  the  low  type  earth  roads  of  sparsely 
settled  districts  to  the  hard  surfaced  pavements  of  densely  popu- 
lated sections.  For  these  extreme  conditions  the  issues  are  clear 
cut;  the  first  requires  the  greatest  possible  mileage  with  limited 
funds,  and  the  last  the  most  suitable  design  regardless  of  first  cost. 
Intermediate  cases  are  handled  by  merging  the  requirements  pre- 
sented by  the  extremes.  A  reasonable  design  for  any  case  depends 
on  the  needs  and  resources  of  the  local  community,  considered  in 
connection  with  the  importance  of  the  improvement  to  the  general 
transportation  scheme  of  the  country  and  the  aid  that  will  be 
granted  on  account  of  its  general  importance. 

High  type  pavements  should  never  be  designed  unless  the 
community  is  able  to  provide  its  share  of  the  construction  cost  by 
either  direct  appropriation,  or  short  term,  or  serial  bonds  based  on 
the  probable  life  of  the  pavement,  and  in  addition,  to  raise  by 
some  form  of  vehicle  tax  or  direct  appropriation  its  part  of  an 
annual  maintenance  and  renewal  fund  of  from  $500  to  $1000  per 
mile.  States  similar  to  New  York,  with  an  assessed  valuation 
averaging  $240,000  per  square  mile  and  a  population  averaging 
210  per  square  mile  have  demonstrated  their  willingness  and 
ability  to  raise  any  amount  required  for  the  construction  of  the 
most  suitable  types  of  road,  considering  traffic  conditions  and 
economy  of  maintenance,  but  even  these  states  have  not  yet  made 
adequate  provision  for  maintenance  and  renewal .    States  similar 
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to  Wyoming,  with  an  assessed  valuation  of  $2000  per  square  mile, 
and  a  population  of  2  per  square  mile,  can  not  handle  road  con- 
struction in  a  conclusive  way.  They  must  adopt  the  method  of 
progressive  improvement.  This  represents  the  pioneer  condition 
where  the  road  question  is  most  vital.  Highways  are  a  necessity 
to  their  development,  and  are  considered  primiarily  as  a  means 
of  communication,  not  as  pleasure  routes,  nor  their  improvement 
as  a  refinement  to  reduce  the  cost  of  transportation  to  a  minimum. 
The  people  are  willing  to  provide  all  the  money  they  can  afford, 
but  expect  some  form  of  construction  which  wiU  complete  a  line 
of  communication  to  the  point  desired;  a  pack  trail  will  do,  a 
wagon  trail  is  better,  and  an  ordinary  earth  road,  will  generally  be 
accepted  without  question. 

The  same  engineering  principles  apply  to  both  conditions  but 
the  emphasis  is  different.  Where  the  funds  are  practically  un- 
limited, the  problem  is  comparatively  easy  and  is  stncUy  technical. 
Where  the  funds  are  limited  to  inadequate  amounts,  the  solution 
is  more  difficult;  the  engineer  must  decide  where  technical  require- 
ments should  be  retained  and  where  ignored;  he  must  plan  the 
work  so  that  whatever  is  done  will  become,  if  possible,  a  useful 
part  of  any  future  improvement,  but  above  all  a  line  of  communica- 
tion must  be  opened.  In  the  design  of  high  type  roads  the  engineer- 
ing emphasis  is  placed  on  safety,  ease  and  economy  of  travel  and 
maintenance.  On  pioneer  roads  the  emphasis  is  placed  on  the 
selection  of  the  best  natural  economic  and  engineering  location 
and  the  greatest  mileage  for  the  funds. 

We  have  therefore  arranged  the  discussion  of  design  practice  from 
standpoints  required  for  each  case,  and  have  indicated  in  the 
chapters  on  Grade,  Alignment,  Sections,  etc.,  the  road  value  of 
different  limiting  engineering  requirements  with  their  effect  on 
construction  cost. 

ENGINEERING  DESIGN 

Functions  of  Grades,  Alignments,  etc. — A  well-proportioned 
design  considers  the  relative  value  and  the  object  of  the  different 
engineering  elements  of  the  problem.  In  this  connection  we  may 
say  that  grades,  alignment  and  section  are  the  most  permanent  and 
fundamental  features  of  construction.  The  ruling  grade  largely 
controls  the  loads  that  can  be  hauled;  section,  grade  and  alignment 
combined  determine  the  convenience  of  the  road  and  the  economy 
of  earthwork,  while  alignment  and  section  affect  the  safety  and  are 
also  important  factors  in  the  appearance  of  the  highway.  For 
these  reasons  these  three  points  must  be  ranked  as  equal  and  first 
in  importance. 

The  next  elements  to  be  considered  are  drainage,  foundation 
and  top  course,  which  keep  the  section  firm  and  intact  under  traffic 
and  weather  action.  Washouts  are  prevented  and  the  bearing 
power  of  the  soil  is  increased  by  surface  and  sub-surface  drainage; 
the  heavy  concentrated  wheel  loads  of  vehicles  are  spread  over 
a  safe  area  of  the  sub-grade  bv  the  foundation  course;  the  top 
course  provides  a  surface  that  will  withstand  the  abrasive  action  of 
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wheels  and  horses'  shoes,  that  gives  a  good  footing  and  offers  slight 
rolling  resistance.  At  the  present  time  the  problem  of  the  top  course 
is  troublesome,  on  account  of  the  conflicting  demands  of  horse  and 
automobile  traffic.  There  is  so  much  discussion  of  this  one  fea- 
ture that  it  is  easy  to  give  it  too  much  weight  and  there  is  a  tendency 
to  economize  on  the  more  permanent  elements  of  <:onstruction 
in  order  to  get  a  higher  grade  top.  In  the  writer's  opinion  this  is  a 
mistake.  The  different  top  courses  will  be  discussed  in  detail,  but 
no  definite  conclusions  can  be  drawn,  as  this  part  of  the  design  is 
subject  to  constant  change  and  improvement. 


The  Application  of  the  Order  of  Importance  of  the  Elements  of 

Design  to  General  Cases 

Pioneer  Roads. — Considering  the  policy  of  progressive  improve- 
ment, limited  funds  should  be  eicpended  as  far  as  possible  for 
essentials  which  will  eventually  become  integral  parts  of  the 
complete  and  finished  design.  The  engineering  requirements 
are  usted  below  in  their  order  of  importance. 

First, — SekcHon  of  the  best  general  route. 

{a)  Best  location  for  the  development  of  the  territory. 
«    Vb)  Longest  open  season, 
(c)  Least  rise  and  fall. 
{d)  Length  and  cost. 

Second, — Selection  of  the  most  natural  engineering  location  follow- 
ing the  desired  general  route, 

(a)  Reasonable  grades. 

(&)  Exposure.  Avoid  north  exposure  and  areas  of  deep 
snow. 

(jc)   Character  of  excavation.    Avoid  rock,  slides,  etc. 

(ji)  Drainage  problems.  Avoid  flood  areas,  stream  cross- 
ings, etc. 

{e)  Avoid  artificial  restrictions  such  as  section  line  locations, 
etc. 

Third, — Detail  requirements  of  design, 

(a)  Reasonable  maximum  grade. 

(Jb)   Economical  intermediate  grades. 

Ic)   Safe  and  economical  alignment. 

{d)  Width  of  roadway  safe  for  traffic. 

{e)   Width  of  roadway  convenient  for  traffic. 

If)    Sufficient  culverts  and  bridges  to  protect  the  roadway. 

\g)  Permanent  construction  of  these  culverts  and  bridges. 

(A)  Sufficient  width  of  clearing  for  sun  to  reach  road. 

(»)    Safety  provisions.    Protection  for  traffic  at  dangerous 

places, 
(y)    Provision  of  liberal  width,  of  right-of-way  considering 

future  widenings  and  development. 
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Fourth. — Improvement  of  the  road  surface. 
(a)  By  selective  soil  treatment. 
{h)  By  gravel,  chert,  caliche,  etc. 
(c)  By  hard  surfaced  pavements. 

The  following  typical  cases  illustrate  the  usual  problems  that 
occur,  and  indicate  their  general  solutions. 

Where  no  road  exists  and  the  funds  are  entirely  too  small  for 
good  construction,  a  sufficiently  cheap  design  is  used  to  complete 
the  entire  length.  Under  these  conditions  the  only  requirement 
that  must  be  met  is  the  proper  selection  of  general  route,  although 
it  is  probable  that  for  flie  greater  part  of  the  distance  the  final 
engineering  location  can  be  followed.  Considerable  work  of  this 
kind  has  been  done  in  New  Mexico  under  the  direction  of  State 
Engineer  James  A.  French,  and  the  solutions  are  ingenious.  Satis- 
factory wagon  and  automobile  trails  have  been  constructed  under 
favorable  conditions  for  as  low  as  $5.00  per  mile  (see  page  1^0), 
while  in  difficult  locations  advantage  has  been  taken  of  all  possible 
expiedients  to  keep  the  cost  down. 

Where  a  poor  but  usable  road  exists  between  the  terminal  points, 
or  for  a  portion  of  the  distance,  either  the  imcompleted  or  worst 
sections  of  the  route  are  first  considered.  Under  such  circum- 
stances the  funds  are  generally  sufficient  to  p)ermit  a  moderately 
good  engineering  design,  which  must  provide  for  the  proper  final 
grade  and  drainage  scheme  on  the  improved  sections,  although 
the  drainage  structures  may  be  cheap  and  temporary  and  the  road- 
way narrow. 

Where  a  fair  road  has  been  previously  built  over  the  entire  route, 
no  improvement  should  be  attempted  unless  it  provides  for  the 
best  engineering  design  of  grades,  alignment,  section  and  permanent 
drainage  structures. 

Where  a  first-class  natural  soil  road  is  in  use,  the  next  step  in 
progressive  improvement  requires  either  selected  soil,  gravel  or 
hard  surfaced  construction  of  the  traveled  way. 

Order  of  Work  Pioneer  Road  Desi|^. — The  methods  employed 
for  the  field  and  office  work  are  described  in  Chapters  X,  XI  and 
XIII.  Engineering  of  this  nature  forms  the  most  interesting 
class  of  highway  work,  and  is  handled  in  three  stages. 

A  preliminary  investigation  is  made  to  determine  the  general 
route,  the  best  engineering  location  and  the  approximate  cost  of 
construction.  It  forms  the  basis  for  the  general  scheme  of  financing 
and  design.  It  is  the  most  important  feature  of  new  road  location, 
and  if  well  done  insures  the  completion  of  a  reasonable  program 
of  construction  with  the  funds  at  hand.  It  also  prevents  wasteful 
expenditure  on  ill  considered  or  unsuitable  location  surveys  and 
plans.  The  detail  location  survey  based  on  the  preliminary 
conclusions  is  next  made  to  secure  the  data  for  the  final  office 
design,  which  carries  out  in  detail  the  recommendations  of  the  first 
report  and  completes  the  work  prelimina^  to  construction. 

Relative  Order  of  Importance  of  Design  Detail  for  Hard  Surfaced 
Roads. — High  type  pavements  in  populous  districts  are  necessary 
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to  meet  heavy  traffic  requirements.  They  reduce  the  cost  of 
hauling  and  increase  the  ease  and  safety  of  fight  and  heavy  traffic. 
The  parts  of  the  design  are  more  or  less  important  in  proportion 
to  their  necessity  for  the  fulfillment  of  these  purposes,  and  may  be 
ranked  as  follows: 

1.  Grades. 

2.  Alignment. 

3.  Sections. 

4.  Drainage. 

5.  Foundations. 

6.  Top  courses. 

7.  Minor  details. 

It  can  be  seen  by  comparison  that  the  details  of  hard  surfaced 
road  design  have  the  same  order  of  importance  as  for  low  type 
roads.  The  order  of  engineering  procedure  is  also  the  same.  Tne 
character  of  the  information  for  the  preliminary  investigation  is 
different,  but  the  object  is  identical;  namely,  to  provide  a  basis  for 
appropriations  and  reasonable  design.  The  preliminary  data  deals 
largely  with  probable  traffic,  available  local  materials  and  the 
most  suitable  and  economical  pavement  type.  The  location  sur- 
vey provides  the  essential  data  for  design,  using  somewhat  better 
methods  than  for  mountain  conditions,  and  the  office  work  is  more 
detailed  and  complete.  The  methods  are  described  in  Chapters 
X,  XI  and  XIII. 

The  application  of  the  order  of  importance  of  design  elements 
for  hard  surfaced  pavement  work  can  be  shown  by  three  cases: 
Under  the  most  favorable  conditions  outlined  in  the  introduction, 
the  improvement  is  considered  final  and  its  design  is  based  on  an 
effort  to  obtain  the  most  useful,  and  in  the  end  the  most  econom- 
ical form  of  construction  regardless  of  first  cost.  In  this  case  all  the 
engineering  requirements  may  be  fulfilled. 

fii  many  communities,  however,  the  funds  are  only  sufficient  to 
build  a  moderately  good  pavement,  which  will  have  to  be  bettered 
by  reconstruction  in  a  few  years,  to  meet  the  demands  of  the  traffic. 
An  improvement  of  this  kind  should  be  permanently  and  com- 
pletely designed  for  proper  grades,  alignment,  section,  drainage  and 
safety  provisions,  and  the  balance  of  the  money  spent  on  the  best 
type  of  hard  surface  that  can  be  afforded. 

The  third  case  is  reconstruction,  which  usually  confines  the 
problem  to  considerations  of  the  most  suitable  type  of  re-surfacing, 
utilizing  previous  work  to  the  best  advantage. 

Maintenance  and  Renewal. — In  presenting  construction  design 
for  the  approval  of  a  community  the  cost  of  maintenance  and  the 
renewal  of  its  temporary  features  should  be  fully  explained  in  order 
that  the  cost  of  such  work  may  be  provided  for.  The  amount  re- 
quired for  adequate  maintenance  is  rarely  appreciated  and  the 
comparatively  short  life  of  any  road  surface  is  not  a^  matter  of 
general  knowledge.  Maintenance  costs  are  discussed  in  Chapter 
VIII  and  the  following  Table  No.  i  supplemented  by  Tables 
No.  21  and  22,  Chapter  VI,  page  190,  give  a  rough  idea  of  the  cost 
and  length  of  life  of  the  temporary  features  of  typical  hard  pave- 
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ment  types.  Table  No.  i  is  based  on  200  mttes  of  16  ft.  width 
macadam  and  brick  in  Western  New  York.  A  Tvell-designed  earth 
road  can  be  considered  as  90%  permanent. 

Table  i 


Brick 


Cost 
per 
mile 


%  Total 
Cost 


Bit.  Mac. 


Cost 
per 
mile 


%  Total 
Cost 


Water  Mac. 


Cost 
per 
mile 


%  Total 
Cott 


•Excavation 

•Drainage  Structures. . 

•Foundations  and  sub- 
base  

.  Surfacing 

.Edging 

.  Minor  points 

•Total  Permanent  fea- 
tures  

**  Temporary  fea- 
tures  

.  Probable  life    *' 


} 


|3300 
700 

6300 

14700 

500 

9200 

15200 


9.0 
2.8 

25.9 

60.1 

2.2 

37-7 
62.3 


10  to  25  years 


1 1 900 
700 

3300 

5900 

500 

5900 

6400 


IS. 9 
5-3 

27  .0 

47.5 

4.3 

48.2 
51.8 


6  to  12  years 


$1900 
700 

3300 

4000 

500 

5900 

4SOO 


18.3 
6.7 

31.7 
38. S 

4.8 

56.7 
43-3 


5  to  10  years, 


Road  Bonds. — Extensive  road  programs  are  usually  financed  by 
long  term  bonds,  fifty-year  bonds  being  very  generally  used. 
This  practice  has  been  justly  criticized,  as  large  amounts  of  money 
will  be  required  for  construction  renewals  before  the  original 
bonds  expire,  except  in  the  case  of  dirt  roads.  Serial  or  short 
term  bonds,  based  on  the  probable  life  of  the  pavement,  are  more 
rational.  « 

General  Summary. — ^The  general  analysis  may  be  summarized 
as  follows: 

The  details  of  economic  highway  design  are  everywhere  a  local 
problem  depending  on  the  available  materials,  climatic  conditions 
and  traffic  requirements.  We  know  of  no  one  who  has  had  enough 
personal  experience  in  the  design,  construction  and  maintenance  of 
the  various  types  under  different  sectional  requirements  to  pose 
as  an  exi)ert  over  any  extended  part  of  the  country  except  on  very 
general  lines. 

The  chief  factors  which  govern  the  cost  of  a  highway  system 
are  legislative  and  finance  programs  which  should  provide  the  nec- 
essary money  at  the  proper  time;  an  engineering  design  which  at 
all  times  should  strive  to  use  local  materials  to  advantage,  and  a. 
construction  staff  to  insist  on  good  workmanship.  (The  costs 
given  below  are  based  on  labor  and  material  costs  prevailing  from 
1912  to  1916.) 

I.  The  financing  of  many  State  systems  of  highways  has  never 
been  well  worked  out  for  either  construction  or  maintenance; 
what  applies  to  them  we  believe  is  true  of  a  large  percentage  of 
cases.  A  reasonable  finance  program  depends  on  compliance  with 
the  following  facts:    The  permanent  features  of  a  highway  im- 
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provement  are  the  grading,  drainage  and  foundation.  The  sur- 
facing is  temporary  even  for  the  so-called  *  *  permanent "  types.  The 
rigid  pavements  such  as  brick,  asphalt,  concrete,  etc.  need  resur- 
facing in  from  ten  to  twenty  years;  the  macadam  in  from  five  to 
twelve  years.  The  ordinary  maintenance  for  the  rigid  types  will 
run  about  $150  per  mile  per  year  with  a  resurfacing  chaige  of 
$10,000  to  $15,000  per  mile  at  intervals  of  about  15  years.  The 
ordinary  maintenance  on  macadams  is  about  $500  per  mile  per  year 
with  a  resurfacing  charge  of  $4000  to  $6000  at  intervals  of  seven  to 
ten  years.  'The  ordinary  maintenance  of  earth  and  sand  clay  roads 
runs  from  $30  to  $150  per  mile  per  year.  The  ordinary  main- 
tenance of  gravel  roads  from  $100  to  $500  per  mile  per  year.  The 
yearly  cost  of  maintenance  and  renewals  amounts  to  from  $50 
to  $500  per  mile  for  earth,  sand-clay  and  gravel  roads  and  from 
$700  to  $1000  per  mile  for  macadams  and  rigid  pavements.  Pro- 
vision for  the  necessary  amounts  is  rarely  made  which  results  in  a 
gradual  deterioration  of  the  roads  and  will  finally  occasion  an  un- 
necessarily large  expenditure  to  put  the  systems  back  in  good 
condition.  Proper  provision  should  be  made  for  maintenance  and 
renewal  or  a  large  future  waste  is  certain  to  occur.  A  foresighted 
policy  in  this  particular  would  save  the  community  more  than 
any  economies  of  the  design. 

2.  The  engineering  design  rests  on  the  consideration  of  con- 
struction, maintenance  and  renewal  costs.  In  discussing  this 
problem  most  of  the  current  literature  and  highwav  speakers  empha- 
size and  confine  economies  to  the  selection  of  pavement  type. 
This  is  a  natural  result  of  the  exploitation  of  various  materials  and 
patent  processes.  As  a  matter  of  fact  our  experience  indicates 
that  for  75  to  80%  of  the  roads  the  final  cost  is  not  greatly  affected 
by  the  selection  of  type  except  as  it  governs  the  use  of  local  materials. 

In  general  the  high  and  low  priced  pavements  cost  about  the 
same,  considering  interest  on  first  cost,  maintenance  and  renewals. 
What  is  saved  on  first  cost  is  spent  on  maintenance.  The  real 
engineering  economies  are  limited  to  a  careful  grading  and  safe 
foundation  design  utilizing  local  materials,  and  to  a  selection  of 
the  cheapest  first  cost  type  of  pavement  of  the  general  class  re- 
quired by  the  traffic;  that  is  a  rigid  type  for  very  heavy  traffic  and 
for  all  ordinary  roads  any  t5rpe  which  will  utiUze  local  materials 
to  their  best  advantage.  On  from  75  to  80%  of  the  mileage  of  most 
State  systems,  any  standard  type  of  construction  which  ^1  satisfy 
the  traffic  and  which  is  the  cheapest  in  first  cost  will  generally  be 
the  cheapest  in  the  end. 

3.  The  inspection  of  construction  has  a  marked  effect  on  final 
cost  and  on  public  work  there  is  a  great  variation  in  the  care  and 
knowledge  of  the  inspectors.  Well  built  macadams  are  much 
cheaper  in  the  end  than  poorly  constructed  brick  or  concrete. 
The  problem  of  improving  inspection  is  a  difficult  one  and  the 
results  appear  to  be  spasmodic.  If  good  inspection  is  not  reason- 
ably certain,  the  more  nearly  "fool  proof"  macadams  are  the  most 
economical  form  of  construction. 
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Value  and  Cost  of  Engineermg  Advice. — Sound  financial  and 
construction  programs  must  be  based  on  technical  data  and  judg- 
ment. As  a  rule  engineering  advice  is  solicited  and  followed  for 
the  minor  details  of  design  and  construction  but  is  too  often  ignored 
or  dispensed  with  in  deciding  on  the  general  plan  of  action.  This 
has  resulted  in  patchwork  systems;  in  poor  legislative  programs 
for  maintenance  and  sometimes  in  a  complete  set  back  for  high- 
way improvements  for  a  number  of  years. 

The  details  of  grade,  alignment,  section  and  drainage  are  usually 
solved  on  engineering  principles  except  that  in  sdkne  localities 
the  influence  of  patented  culvert  propoganda  overcomes  sub- 
stantial design.  The  selection  of  pavement  type  however  is  often 
determined  by  popular  vote  or  by  the  choice  of  non-technical  boards. 
It  is  an  unfortunate  fact  that  very  often  communities,  officials  and 
engineers  are  susceptible  to  a  continuous  well  planned  advertising 
campaign  and  to  the  more  or  less  proper  and  improper  methods  of 
approach  of  material  salesmen,  patented  pavement  promoters  and 
influencial  citizens.  Current  engineering  literature  is  full  of 
inspired  articles  and  the  rosy  hued  optimism  is  to  use  a  slang  phrase 
"pure  bunk."  Each  well  established  pavement  has  certam  ad- 
vantages which  are  desirable  under  different  conditions  but  the 
proper  selection  is  a  difficult  matter  which  can  be  handled  by  an  ex- 
penenced  engineer  with  better  chances  of  success  than  if  left  to  ^e 
limited  knowledge  of  the  community  influenced  by  the  sHver  ton- 
gued  persuasiveness  of  the  man  with  something  to  sell. 

What,  however,  is  more  important  is  the  preliminary  layout  of  a 
comprehensive  scheme  of  complete  future  improvement  and  the 
designing  of  each  separate  construction  job  as  a  part  of  the  whole 
scheme  rather  than  as  a  problem  by  itself.  Hardljr  less  necessary  is 
the  inauguration  of  a  foresighted  plan  for  obtainmg  enough  yearly 
upkeep  funds  to  prevent  the  partial  or  total  loss  of  such  improve- 
ments. This  requires  thorough  preliminary  study  and  the  expendi- 
ture of  considerable  money  for  which  there  is  apparently  no  imme- 
diate return,  but  so  many  ill  considered,  disappointing  programs 
have  resulted  from  the  lack  of  this  work  that  we  can  not  over- 
emphasize its  importance. 

At  the  present  time  road  expenditures  in  the  United  States 
amount  to  approximately  $300,000,000  per  year  and  it  can  be 
said  without  undue  criticism  that  the  problem  is  entitled  to  more 
intelligent  planning  than  it  is  now  receiving.  It  is  well  worth  the 
best  engineering  talent  and  sufficient  initial  expenditure  to  assure 
a  workable  scheme.  Careless  or  inadequate  investigation,  survey 
and  design  are  worse  than  useless  and  tend  to  discredit  the  value  of 
engineering  in  connection  with  highway  improvements.  There  is 
no  doubt  that  any  amount  of  money  that  may  be  required  for 
thorough  planning  is  justified  by  the  resultant  saving  in  construc- 
tion cost  and  by  the  increased  usefulness  of  the  improvement  but 
there  is  also  no  doubt  that  much  of  the  money  spent  for  inadequate 
engineering  is  absolutely  wasted.  This  fact  is  recognized  by  the 
State  and  Government  Departments  which  are  conducting  an 
educational  campaign  to  raise  the  standard  of  highway  work. 
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Satisfactory  preliminary  engineering  costs  from  $100  to  $300  per 
mile  and  amounts  to  about  the  same  whether  the  proposed  road  is 
to  cost  $1000  per  mile  or  $30,000  per  mile.    This  is  regarded  with 
suspicion  by  men  accustomed  to  figuring  the  cost  of  engineering  as 
2%,  4%  or  6%  of  the  construction  cost  but  it  should  be  borne  in 
mind  that  it  is  more  a  mileage  proposition  than  a  percentage  of 
construction  proposition;  that  the  cost  is  largely  necessary  for  the 
location  and  grading  design  which  is  the  same  for  low  and  high 
cost  roads;  that  pioneer  road  location  must  consider  the  future 
development  of  the  country  and  that  the  engineering  cost  in  com- 
parison with  the  amount  of  money  which  will  immediately  be 
spent  on  construction  is  of  no  importance  whatever  provided  a 
proper  location  is  made.    Many  of  the  older  well  settled  com- 
munities are  now  suffering  from  originally  poor  road  locations  and 
it  is  hoped  by  all  concerned  that  these  mistakes  will  not  be  repeated 
in  the  construction  of  the  new  roads  in  the  West. 
.  Highway  engineering  in  this  country  is  still  in  the  infant  stage 
but  growing  lustily.    It  represents  the  systematic  element  of  the 
road  movement.    The  road  improvement  programs  as  expressed 
by  current  legislation  are  not  logical  nor  could  they  reasonably  be 
expected  to  be  efl&cient  as  they  represent  a  compromise  between 
the  conflicting  ideas  of  earnest  and  flippant  folks  and  profiteers. 
They  contain  a  large  element  of  humor  and  camouflage  and  a 
dash  of  efficiency.    It  is  undoubtedly  desirable  to  increase  the 
percentage  of  efficiency  somewhat  but  too  much  of  that  quality 
is  not  pleasing  as  popularly  expressed  by  an  unknown  genius, 

"Who  is  it  takes  the  joy  from  life  and  makes  existence  Hell. 

Who'll  fire  a  real  good  looking  one  because  she  can  not  spell,  ^ 
Who'll  substitute  a  dictaphone  for  a  coral  tinted  ear 
The  penny  chasing,  dollar  wasting  efficiency  engineer." 

However,  the  fact  remains  that  tax-payers  desire  to  have  their 
money  spent  with  care  and  as  there  is  rarely  much  difficulty  in 
inaugurating  a  road  program  up  to  the  limit  of  the  financial  ability 
of  the  community  it  seems  well  worth  while  to  get  the  best  results 
that  are  possible. 


PART   I 

PRINCIPLES  OF  DESIGN 

Order  of  Discussion.— The  detail  discussion  of  design  will  be 
taken  up  in  the  following  chapters  in  their  order  of  importance 
indicated  on  page  5  as  follows: 

Grades  and  Alignment 

Sections. 

Drainage 

Foundations. 

Top  Courses. 

M&or  Points. 

CHAPTER  I 
GRADES  AND  ALIGNMENT 

The  subject  of  "Grades"  may  be  treated  under  sub-headings 
of  "Maximum,"  "Minimum,"  "intermediate"  and  "Adverse." 

MAXIMUM  OR  RULING  GRADES 

The  following  considerations  govern  the  design  of  ruling  grades : 

1.  The  relative  importance  of  horse  and  automobile  traffic. 

2.  The  difficulty  of  ascent  and  the  ease  and  safety  of  descent. 

3.  The  effect  of  length  of  grade  on  maximum  load. 

4.  The  theoretical  advantage  of  certain  grades. 

5.  The  ruling  grades  in  ordinary  use  and  practical  considerations 
governing  their  selection. 

6.  The  effect  of  ruling  grade  on  cost. 

I.  Relative  Importance  of  Horse  and  Automobile  Traffic  in 
the  Selection  of  Grade. — ^The  remarkable  development  of  me- 
chanical transportation  on  rural  highways  entitles  this  class  ol 
traffic  to  every  consideration  within  reason,  but  at  the  present  time 
and  for  a  long  future  period  may  reasons  indicate  that  horse  traffic 
will  govern  the  selection  of  grade  in  most  cases.  This  conclu- 
sion is  based  on  the  greater  adaptability  of  team  hauling  to  adverse 
conditions;  on  the  probability  that  as  long  as  stock  is  used  for  or; 
dinary  farm  work  it  will  be  utilized  to  some  extent  for  hauling 
even  under  conditions  favorable  for  trucks;  and  on  the  fact  thai 
grades  suitable  for  horses  afford  no  hardship  to  mechanical  out^ 
fits.  All  of  the  trucks  and  tractors  in  use  have  sufficient  power  td 
haul  their  loads  on  firm  surfaced  roads  up  any  grade  that  would 
be  selected  for  horse  traffic  and  while  a  reduction  in  grade  belo^ 
these  rates  would  reduce  operating  costs  slightly,  this  consideration 
would  hardly  warrant  any  large  expenditure  at  tnis  ti  me.  The  t heo-| 
retical  discussion  is  therefore  devdoped  on  the  basis  of  horse  traffic. 
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2,  Difficulty  of  Ascent  and  Safety  of  Descent — ^The  factors 
controlling  ease  and  safety  of  ascent  and  descent  have  different 
values  for  different  surfaces,  but  as  most  of  the  roads  will  in  time 
be  hard  surfaced  and  as  all  parts  of  the  design  should  fit  into  the 
^final  improvement,  this  part  of  the  grade   argument  is  made 
'primarily  for  hard  surfaced  conditions. 
jj|i      European  observers  claim  that  on  a  stone  road  5%  is  the  maxi- 
J  mum  grade  that  can  be  descended  safely  by  a  trotting  team  with- 
out  brakes  and  that  12%  is  the  maximum  that  can  be  safely  de- 
scended with  brakes.    By  the  use  of  the  sliding  shoe  or  locked 
wheels  freighters  in  the  Rockies  descend  20%  grades  without 
much  difficulty  on  ordinary  natural  soil  roads.    Swe  descent  with 
brakes  need  not  be  considered  except  in  rare  cases  as  it  would 
result  in  a  grade  far  beyond  ordinary  practice.    Safe  and  easy 
descent  without  breaks  is  more  important  for  light  rigs  than  for 
•  heavy  hauling  but  as  this  class  of  traffic  has  been  practically  elimi- 
.  nated  by  cheap  automobiles  it  need  not  be  given  much  weight. 
Descent,  therefore,  plays  only  a  minor  part  in  grade  selection. 

The  writer  knows  of  no  careful  records  of  actufd  maximum 

loads  that  can  be  hauled  up  different  hard  surfaced  grades  by  an 

jijf  ordinary  team;  it  is  probaoly  better  to  discuss  this  point  theo- 

, "    retically  as  any  experiments  would  be  affected  by  too  many  vari- 

.  able  local  conditions  to  be  worth  much  as  a  basis  of  comparison. 

,  As  a  check  on  the  theoretical  discussion  records  of  loads  on  ex- 

i  treme  mountain  grades  are  given  on  page  16  which  show  that  for 

jg  all  practical  purposes,  Table  No.  7  of  theoretical  loads  is  fairly 

close  and  is  on  tne  safe  side. 


ccnl 


A  summary  of  Prof.  I.  O.  Baker's  discussion  of  maximum  team 
!  loads  is  given  below,  and  through  his  courtesy  we  are  enabled  to 
( include  a  collection  of  tables  taken  from  his  work,  ''Roads  and 
'^  Pavements." 

Various  trials  have  determined  that  the  normal  tractive  power 

of  a  horse  traveling  three  miles  per  hour  for  ten  hours  a  day  is 

j4  approximately  one- tenth  of  its  weight;  that  when  hauling  up  a 

gjM  steep  grade  it  can  ^xert  one-fourth  of  its  weight  for  a  short  time; 

Jl  that  for  a  continuous  exertion  of  one-fourth,  the  grade  should  not 

jjjjl  be  over  1200  feet  long  and  if  over  that,  resting  places  should  be 

■^  provided  every  600  to  800  feet;  that  in  starting  and  for  a  distance 

^u>  of  50  to  100  feet,  one-half  of  its  weight  can  be  used;  and  that  the 

,^  net  tractive  power  ordinarily  exerted  by  a  horse  on  a  grade  equals 

of?  (J^  1^  weight)  — (the  effort  required  to  lift  itself)  or  approximately 

jjj  (0.25  W)  —  (WX  %  of  grade  expressed  in  hundredths)  i.e.  (0.25  TT— 

y^  0.04  W)  for  a  4%  grade.    This  undoubtedly  gives  a  reasonable 

,^(i  basis  for  ordinary  hauling  conditions  but  from  data  obtained  by  the 

author  in  connection  with  freight  hauling  in  mountain  regions  it 

is  evident  that  a  good  draft  horse  will  exert  more  than  0.25  W 

on  moderately  short  sharp  pitches  of  a  long  climb  if  allowed  to 

rest  at  intervals  of  200'  to  300'.    The  evidence  indicates  that  a 

value  of  0.35  W  is  about  right  for  such  conditions. 

Table  2  shows  the  effective  power  developed  by  an  ordinary 
team  of  1200  pound  horses  with  moderate  exertion  and  Table  2  A 
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the  power  of  a  first  class  team  of  1600  pound  horses  exerting  their 
full  strength. 

Table  2. — Ordinary  Stock  Moderate  Exertion 


Grade 


Theoretical  Net 
Tractive  Eflfort 


Tractive  Effort 
in  Pounds 


W  =  weight  of  team, 
2400  lb 

P  =  per  cent,  of 
grade  in  hun- 
dredths 


Level 

2i 

% 

4 

% 

5 

% 

6 

% 

7 

% 

8 

% 

9 

% 

10 

% 

o.io  W 
0.25  W- 
0.25  IT- 
0.25  W- 
0.25  IT- 
0.25  W- 
0.25  IT- 
0.25  IT- 
0.25  W- 


240 

PW 

540 

PW 

504 

PW 

480 

PW 

456 

PW 

432 

PW 

408 

PW 

384 

PW 

360 

Table  2 a. — Draft  Stock  Full  Power 


Grade 


Theoretical  Net 
Tractive  Effort 


Tractive  Effort 
in  Pounds 


W  =  weight  of  team, 
3200  lb 

P  —  per  cent,  of 
grade  in  hun- 
dredths   


5% 

6% 

7% 

8% 

10% 

12% 

14% 

16% 

18% 

20% 

22% 

0.35  w 
0.35  w- 
0.35  w- 
0.35  w- 
0.35  w- 
0.3s  w- 
0.35  w- 
0.35  w- 
0.3s  w- 
0.3s  w- 
0.3s  w- 


-PW 
-PW 
-PW 
-PW 
-PW 
-PW 
-PW 
-PW 
-PW 
PW 
PW 


960 

928 
896 

864 
800 

736 

672 

608 

544 

480 

416 


This  power  is  used  in  overcoming  axle  friction,  gravity  resistance 
and  rolling  resistance. 

The  axle  friction  is  small  amounting  to  three  or  four  pounds  p>er 
ton  for  American  farm  wagons. 

Grade  resistance  (gravity)  equals  (load  X  per  cent,  of  grade 
expressed  in  hundredths)  and  expressed  in  pounds  per  ton  of  load 
equals  (2000  X  P). 

The  rolling  resistance  varies  for  different  surfaces  and  for  each 
surface  depends  on  the  diameter  of  wheel,  width  of  tire,  speed  of 
travel  and  the  presence  or  absence  of  springs  on  the  wagon.  The 
best  diameter  of  wheels,  best  width  of  tires  and  the  use  of  springs 
as  they  affect  the  ease  of  hauling  for  both  farm  and  road  use  are 
problems  for  the  wagon  manufacturers. 
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Mono  a  French  engineer  concluded,  from  a  series  ot  careful 
experimeats  that  the  harder  the  surface  of  the  road  the  less  effect 
widti  of  tire  had  on  rolling  resistance.  We  are  arguing  from  the 
standpoint  of  comparatively  hard  surfacing  and  are  dealing  with 
small  differences  In  wheel  diameter  and  can  disregard  these  fac- 
tors. As  a  matter  of  interest  Tables  3,  4  and  s  are  included  to 
show  the  results  of  experiments  on  different  soils  and  roads. 

The  question  of  wide  tires  aSects  road  design  chieQy  in  connection 
with  the  distribution  of  load  over  a  safe  area  and  will  be  taken  up 
under  "Foundations." 


ss 

"S-SU" 

DiinKlen  of  the  Front  ft  Resr  Wheels  respectively 

3'HS-ft 
j'-io* 

j'-6-ft 

•■a? 

k;? 

V-6* 

i(- 

*' 

.? 

-5 

..- 

.1? 

3- 

16s 

>i8 

i 

!^    -"OSS'".. 

i 

16S 

1; 

iSJ 

1)6 
83 

80 
46 

J83 

1  Puni^ilet  by  Studcbaka  Bmtliei)  Muiuitctmlng  Compsny,  tSgi, 

Table  4.  —  Emtct  or  Size  01  Wheels  on  Tractive 
Resistance'  Pounds  psk  ton 


iS- 

Description  d(  Roid  Surf  »ce 

Uenn  Diunstei  o(      1 
Fiont  &  Reu  Wbeels 

so- 

3&' 

36- 

1 
i 

Uuadun.  ilightly  worn,  fsii  conUdoD 

i: 

Is's 

Timotby  S  blue  gats  sod,  diy  grass  ait  .'.'.'.'.'. 
"    "       "       "    wet  ft  spongy 

XS" 

148 

1  ExpefiinentB  ^  Ml-  T,  I,  Mftirs  al 


be  Missouri  AgticvUural  Experiment  Station. 
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Table  6  gives  the  average  rolling  resistance  in  pounds  per  ton  of 
load  on  different  pavements  for  the  ordinary  farm  wagon  driven 
at  ordinary  speeds. 

Table  6* 


£ind  of  Pavement 

Rolling  Resntancein  Lbs. 
per  Too  of  Load 

Asohalt 

30  to    70 
IS  to    40 
S©  to  100 
S©  to  200 
S©  to  100 
2©  to  10© 
30  to    so 
30  to    8© 
30  to    so 

Brick  

Cobble  Stones   

Earth  Roads 

Gravel  Roads 

Macadam  Roads 

Planfc 

Stone  Block   

Wood  Block  

1  Baker's  "Roads  and  Pavements/' 

For  a  comparative  estimate  we  will  take  a  value  of  forty  pounds 
per  ton  of  load,  including  axle  friction,  on  Macadams  and  Rigid 
Pavements  and  one  hundred  pounds  per  ton  for  earth  roads  in  fair 
shape.  The  resistance  to  the  effective  tractive  power  of  the  team 
per  ton  of  load  is  therefore  40  +  (2000  X  P)  on  hard  surfaced  roads, 
and  loo  +  (2©©o  X  P)  for  earth  roads,  and  the  maximum  load 
expressed  in  tons  for  any  grade  equals 


( 


Effective  tractive  power  of  team  for  thai  grade\ 
Resistance  per  ton  of  load  for  that  grade    / 


Using  the  tractive  powers  of  the  ordinary  team  shown  in  Table 
2,  the  following  table  is  constructed.  It  is  chiefly  useful  for  a 
comparison  of  the  effect  of  grade  on  load  but  all  evidence  indicates 
that  the  loads  given  correspond  closely  to  practice.  Table  7A 
shows  loads  for  extreme  team  exertion  as  compiled  in  Table  2 A. 
The  loads  given  include  weight  of  wagon. 

Table  7 


Grade 


Effective 

Tractive 

Effort 


240  lbs. 

S40  ;; 
S04  " 
480  « 

4S6  '* 

43a  " 
408  « 

384  " 
36S" 


Improved  Rqaob 


Resistance  in 

lbs.  per  Ton 

of  Load 


40  lbs. 
90 

120  " 
140  " 
160  " 
180  « 
200  " 
220  " 
240  " 


Maximum 

Load  in 

Tons 


6.0 

tons 

6.0 

<( 

4.2 

« 

3-4 

2.0 

it 

2.4 

u 

2.0 

l( 

1-7 

(1 

i.S 

(t 

Ea&th  Roads 


Resistance 


100  lbs. 
150  " 
180  " 
200  " 

'220  " 
240  " 
260  " 
280  " 

300  *' 


Max.  Load 


2.4  tons 


i 


3 
2.8 

2.4 
2.1 
1.8 
Z.6 

1.4 
1.2 


u 
*$ 
u 
*t 
u 
*t 
u 
it 


i6 
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Table  7A. — Draft  Stock  Extreme  Exertion 


Hard  Surfaced  Roads 

Earth  Roads           | 

Effective 
Tractive 

Grade 

Resistance 

Maximum 

Resistance 

Maximum  1 

Effort 

in  lbs.   per 

Load  in 

in  lbs.   per 

Load  in 

Ton 

Tons 

Ton 

Tons 

5% 

960  lbs. 

140  lbs. 

6 . 8  tons 

200  lbs. 

4 . 8  tons 

6% 

928     " 

160    " 

5.8     " 

220    * 

4.2     " 

7% 

896     ** 

180    " 

SO     '• 

240    ' 

3.7     " 

8% 

864     " 

200    ** 

4.3     " 

260    ' 

3.3     •• 

10% 

800     " 

240    ** 

3.3     " 

300    * 

2.7     •• 

12% 

736     ** 

280    •• 

3.0     " 

340    * 

2.2     " 

14% 
16% 

672     *• 

•   ••••• 

380    ' 

1.6     •• 

608     '• 

•   •••■• 

420    ' 

1.4     •• 

i8% 

544     " 

•   >••■■ 

460    • 

1.2     •• 

20% 

480     " 

■   ■••■• 

500    ' 

i.o     •• 

22% 

416     ** 



540    *' 

0.8     •• 

3.  Effect  of  Length  of  Grade  on  Maximum  Load. — In  moun- 
tain road  design  where  a  long  ruling  grade  is  used  it  is  often  eco- 
nomical to  introduce  short  stretches  of  steeper  grade  to  avoid 
extremely  expensive  construction.  In  order  to  determine  the  maxi- 
mum short  grade  (not  exceeding  300  feet  in  length)  that  can  be 
used  in  connection  with  a  long  ruUng  grade  without  reducing  the 
team  load  we  have  compiled  Table  7B  for  a  2400  pound  team. 

Table  7B. — Equivalent  Long  and  Short  Grades  for  Hard 

Surfaced  Conditions 


Long  Ruling  Grades 

Tractive  Effort  0.2514^ 

2400-LB.  Team 

1 
Short  Maximum  Grades 
Tractive  Effort  0.3s  W^ 
2400-1.B.  Team 

1 

Grade 

Maximum  Load 

Grade 

Maximum  Load 

5% 
6% 

7% 
8% 

3.4  tons 

2.9    " 
2.4    " 
2.0    " 

t 

7% 

9% 

10% 

•12% 

3 . 7  tons 

2.8  *' 

2.5     " 
2.0    " 

*  12  %  is  the  practical  limit  (on  account  of  safe  descent)  on  any  road  of 
tufficient  importance  to  be  considered  from  an  engineering  standpoint.^ 

This  principle  can  also  be  applied  to  a  long  cut  and  fill  grade 
reduction  with  a  very  material  saving  in  cost  but  if  used  the  steeper 
rate  should  not  be  over  250  to  joo  feet  long  and  should  be  at  the 
bottom  of  the  hill. 

Records  of  Team  Loads 


We  are  indebted  to  Mr.  H.  G.  McPheters  and  F.  F.  Roberts 
for  the  following  data  on  team  freighting  in  the  Rocky  Mountain 
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region.  It  is  practical  data  obtained  from  personal  experience 
and  strengthens  the  force  of  the  theoretical  discussion.  The 
loads  given  are  net  and  do  not  include  wagon  weights.  They 
represent  usual  freighting  loads  wjiich  are  practical  maxima. 

HBBBR  FRUITLAND  ROAD,  STATE  OF  UTAH 

Daniels  Canyon  Section 

Earth  road  in  fair  shape. 

Long  8%  grades. 

Short  15%  grades. 

Net  load  for  four  horse  team  3500  lb.  (during  summer). 

GALBNA  SUMICIT  ROAD»  STATE  OF  IDAHO 

Natural  soil  road  in  fair  shape. 

Maximum  grade  (Salmon  River  side)  20%. 

Maximum  grade  (Wood  River  side)  17%, 

Load  for  one  team  1800  lb.  (during  summer). 

Load  for  two  team  4000  lb.  (during  summer). 

Load  for  three  teams  (six  horses  and  two  wagons  loaded  5000 
lb.  on  lead  wagon  and  4000  lb.  on  trail  taking  one  wagon  at  a  trip 
up  the  mountain). 

TRAIL  CREEK  SUMMIT  ROAD,  STATE  OF  IDAHO 

Natural  soil  road  (fair  condition  during  summer). 

Maximum  grade  22%. 

Load  one  team  1200  lb. 

Load  two  team  2500  lb. 

When  freighting  by  teams  was  the  principle  mode  of  transporta- 
tion, there  were  used  on  this  road  several  outfits  of  twenty-four 
mules  hooked  to  four  wagons  loaded  about  as  follows:  Lead 
14,000  lb.;  lead  swing  10,000  lb.;  swing  8000  lb.  and  trail  4000  lb. 
Two  men  handled  the  whole  outfit  which  was  certainly  a  man's  job. 

ROCKY  BAR  ATLANTA  ROAD  OVER  BALD  MOUNTAIN 

Natural  soil. 

Maximum  grade  16%. 

Load  for  one  team  2000  lb. 

Load  for  two  teams  4000  lb. 

A  large  amount  of  freight  is  carried  over  this  road  by  auto 
trucks  at  the  present  time. 

Record  of  Truck  Perf  onnance. — We  are  indebted  to  the  Pierce 
Arrow  Motor  Car  Company  for  the  following  charts  which  show 
the  ability  of  their  trucks  to  pull  on  different  kinds  of  road  surfaces 
and  different  grades  when  running  on  direct  drive.  This  data  con- 
firms the  previous  statement  that  modem  trucks  have  sufficient 
power  to  easily  handle  their  full  loads  on  anv  grade  that  would  be 
selected  for  horse  traffic  on  improved  roads. 
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OPTIONAL  GEARING  ON  FIVE-TON  MODEL 

The  first  option  is  our  standu*d  gearing  and  will  be  supplied  on  all  orders 
unless  otherwise  specified.  This  gearing  should  be  used  where  the  truck  is 
to  traverse  good  hard  roads  at  all  times,  and  where  the  grades  do  not  ex- 
ceed 10%. 

The  second  option  gives  great  pulling  power  on  the  low  speeds,  and  the 
standard  speed  of  14  miles  per  hour  on  high  gear.  This  gearing  should  be 
used  onlv  where  the  truck  has  to  pull  through  a  very  short  portion  of  poor 
road  ana  the  great  majority  of  the  running  is  done  on  direct  drive.  This 
option  is  popular  with  contractors,  etc. 

The  third  option  is  especially  suited  for  districts  where  by  nature  of  roads 
or  traffic  conditions  a  high  speed  is  undesirable,  or  in  hill;^  country,  where  the 
road  surfaces  are  good.  This  gearing  is  standard  eqtupment  on  the  long 
wheel  base  model. 

The  fourth  option  should  only  be  used  where  the  road  surfaces  are  ex- 
ceedingly poor,  and  the  c6untry  very  hilly.  We  do  not  advise  using  this 
gearing  except  in  extreme  cases. 
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OPTIONAL  GEARING  ON  FIVE  TON  MODEL 

The  first  option  is  our  standard  gearing  and  will  be  supplied  on  all  orders 
unless  otherwise  specified.  This  gearing  should  be  used  where  the  truck  is 
to  traverse  good  hard  roads  at  all  times,  and  where  the  grades  do  not  ex- 
ceed io%. 

The  second  option  gives  great  pulling  power  on  the  low  speeds,  and  the 
standard  speed  of  14  miles  per  hour  on  high  gear.  This  gearing  should  be 
used  on^  where  the  truck  has  to  pull  through  a  very  short  portion  of  poor 
road  and  the  great  majority  of  the  running  is  done  on  direct  drive.  This 
option  is  popular  with  contractors,  etc. 

The  third  option  is  especially  suited  for  districts  where  by  nature  of  roads 
or  traffic  conditions  a  high  speed  is  undesirable,  or  in  hilly  country  where 
the  road  surfaces  are  good.  This  gearing  is  standard  equipment  on  the  long 
wheel  bate  model. 

The  fourth  option  should  only  be  used  where  the  road  surfaces  are  ex- 
ceedingly poor,  and  the  country  very  hilly.  We  do  not  advise  using  this 
gearing  except  in  extreme  cases. 


/ 
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4.  The  The<Mretical  Advantage  of  Certain  Grades.— From  Tables 
7,  7 A,  7B  and  the  previous  discussion  we  can  pick  out  the  grades 
that  theoretically  fulfill  certain  traffic  requirements. 

I.  On  hard  surfaced  roads  the  same  load  that  can  be  drawn  up  a 
2H%  grade  by  reasonable  extra  exertion  of  a  team,  can  be  hauled 
on  a  level  with  ease.  This  makes  a  perfectly  balanced  design  from 
the  standpoint  of  team  hauling.  The  theoretical  load  is  six  tons. 
For  earth  roads  5  %  fulfills  this  same  condition  with  a  theoretical 
team  load  of  2.4  tons. 

II.  5%  is  the  maximum  grade  that  fulfills  the  requirement  of 
safe  descent  at  a  trot  without  brakes.  This  is  of  little  importance 
under  modem  traffic  conditions. 

III.  The  same  load  that  can  be  hauled  up  a  7  %  hard  surfaced 
grade  can  be  drawn  on  a  level  dirt  road  in  fair  condition;  a  7  %  grade 
therefore  does  not  reduce  the  load  of  a  team  which  must  travel 
over  an  earth  road  for  part  of  the  distance.  The  theoretical  load 
is  2.4  tons. 

IV.  The  use  of  short  maximum  grades  of  greater  rate  than  the 
long  ruling  grades  does  not  reduce  the  maximum  load  provided  they 
are  proportioned  as  follows  for  hard  pavements  and  do  not  exceed 
250  feet  to  300  feet  in  length. 


Long s%  Short 7% 

Vo 
7%  "     10% 


"    6%  "     9% 

it  ..or  it 


"    8%  "     12% 


V.  12%  is  the  practical  limit  of  grade  for  even  unimportant 
roads  on  account  of  safe  team  descent  with  heavy  loads. 

As  a  matter  of  fact  the  selection  of  grade  depends  more  on  the 
requirements  of  the  traffic  and  the  topography  of  the  country  than 
on  these  theoretical  advantages. 

5.  Ruling  Grades  in  Ordinary  use  and  the  Practical  Considera- 
tions Governing  their  Selection. — Various  grades  on  country  roads 
have  been  under  observation  for  so  many  years  that  it  is  safer  to  be 
guided  by  present  practice  which  is  the  result  of  such  observation 
than  to  trust  too  much  to  a  theoretical  discussion.  The  adoption 
of  the  ruling  grades  shown  in  Table  8  has  depended  partly  on  the 
ease  of  maintenance  as  well  as  traffic  considerations.  The  maxi- 
mum grade  on  which  different  kinds  of  top  courses  can  be  safely 
used  dther  on  account  of  foothold  for  horses  or  the  maintenance 
of  the  surface  properly  comes  under  a  discussion  of  such  courses 
and  will  be  fully  covered  in  Chapter  VI. 

In  regard  to  the  matter  of  safe  team  footing,  it  is  possible  to 
select  some  type  of  pavement  which  will  satisfy  this  condition 
for  any  grade  used  but  a  change  in  surfacing  to  meet  this  require- 
ment is  often  omitted  on  account  of  expense  and  more  often  omitted 
by  careless  design.  Most  of  the  rigid  pavement  types  give  satisfac- 
tory footing  up  to  5%  which  is  the  practical  limit  without  special 
design.  Bituminous  macadams  can,  by  variations  in  manii)ulation, 
be  made  suitable  for  grades  up  to  8%.    Plain  macadams  give  good 
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footing  for  any  grade  but  are  expensive  to  maintain  over  5%. 
From  the  standpoint  of  footing  5%  has  a  distinct  advantage  on 
main  roads  where  rigid  types  are  desirable,  and  7%  or  8%  is  a 
reasonable  limit  on  side  roads  where  some  form  of  macadam  or 
gravel  will  probably  be  used. 

Table  8. — Ruling  Grades  in  Foreign  Countries 


Location 


Mountainous 
Districts 


Hilly 
Districts 


Level 
Districts 


Prussia 

Hanover 

Baden 

Brunswick 

Holyrod  Road  in  England . 


5  % 
4  % 
8     % 

sH% 

6  % 


4  % 
3H% 
6  % 
4     % 

sHVo 


2H7o 

5    % 
3    % 


Military  Highway 
over  the  Alps Italian  side   . . .  4^^  %    Swiss  side 6  % 


Location 


National 
Roads 


Departmental 
Roads 


Subordinate 
Roads 


France 


3% 


4% 


6% 


Ruling  Grades  in  the  United  States 


SUte 

Main  Roads 

Side  Roads 

Unusual  Cases 

New  York 

5% 
5% 
5% 
S% 
6% 
5&6% 

5% 
6% 

7&8% 
7% 

6&7% 
S% 

11% 
9% 

9% 

Massachusetts 

Connecticut. 

New  Jersey 

Michigan 

Missouri 

Washington 

Illinois 

United  States  National  Forest  Roads  (Mountainous  districts) 
First  Class  Roads       Long  Grades    5  %     Short  Grades    7  % 
Second  **        "              "         "        7%        "         "      10% 
Third     "        "              **         "      10%        "         "      12% 
State  of  Colorado  (Main  Mountain  Roads)                        6  % 

From  the  standpoint  of  accommodating  ordinary  farm  team  loads 
7%  is  the  logiibal  ruling  rate.  This  is  based  on  a  load  of  5000  pounds 
fox  farm  hauling  which  includes  wagon  weight.    The  records  of 
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-produce  dealers  in  the  Eastern  States  show  that  the  ordinary  wagon 
weighs  about  1350  pounds  and  that  3500  pounds  is  a  large  net  load. 
This  load  of  2.4  tons  corresponds  with  the  maximum  theoretical 
load  for  7%  hard  surfaced  grade.  Team  loads  of  six  tons  would 
be  very  unusual  which  means  that  the  ideal  teaming  grade  of  2  J^% 
need  not  be  considered  except  in  level  country  where  it  can  be 
obtained  without  much  extra  cost. 

From  the  standpoint  of  maintenance  the  cost  of  upkeep  of 
ditches,  shoulders  and  earth  or  gravel  surfacing  increases  rapidly 
on  grades  above  5%. 

From  the  standpoint  of  construction  cost  5%  to  7%  can  gen- 
erally be  built  without  excessive  expenditure  even  in  hilly  country. 

Practical  considerations  therefore  indicate  that  for  level  country 
a  2j^%  maximum  is  desirable  but  does  not  justify  large  expendi- 
tures and  that  any  grade  up  to  5%  will  probably  be  satisfactory; 
that  in  hilly  or  mountainous  regions  on  the  main  roads,  a  long 
ruling  5%  grade  is  the  most  satisfactory  rate  and  warrants  con- 
siderable expenditure  but  that  6%  or  7%  are  reasonable  if  the  funds 
are  limited;  that  short  stretches  of  steep  maximum  grades  are  allow- 
able to  reduce  cost  provided  the  element  of  safe  footing  is  provided 
and  the  rate  is  properly  proportioned  and  that  on  side  roads  7% 
is  generally  satisfactory. 

Grades  as  high  as  1 1  %  have  been  constructed  on  State  improved 
roads  in  New  York  and  as  high  as  9%  in  New  Jersey  and  Illinois 
but  the  general  opinion  of  the  Departments  under  which  these 
grades  were  built  is  that  they  would  not  again  use  such  a  high  rate 
except  in  villages  where  any  material  charge  in  street  elevation 
would  damage  valuable  properties.  Outside  of  corporations  it  is 
bad  practice  to  use  long  grades  of  greater  rate  than  y%  for  if  any 
road  is  of  sufficient  importance  to  warrant  engineering  plans  for 
the  future  it  is  certainly  of  sufficient  importance  to  warrant  a 
reduction  in  grade  to  a  reasonable  rate. 

In  any  case  the  design  should  be  consistent.  Take  for  example 
a  road  between  two  shipping  points.  It  is  first  necessary  to  deter- 
mine the  portion  tributary  to  each  terminal  and  then  the  practical 
grades  on  all  the  hills  on  each  portion  in  order  to  decide  what 
consistent  ruling  grade  can  be  adopted  without  excessive  cost 
(see  example,  page  329).  There  is  no  object  in  reducing  a  hill 
from  7%  to  5%  with  a  large  expenditure  if  nearer  the  terminal 
there  is  a  grade  that  cannot  be  reduced  below  7%.  It  should  be 
borne  in  mind,  however,  that  the  nearer  you  approach  the  shipping 
or  market  point,  the  more  traffic  the  road  will  have,  and  if  the 
hills  are  naturally  flatter  the  ruling  grade  should  be  reduced. 
The  direction  of  heavy  traffic  on  each  hill  should  be  determined 
and  considered. 

Effect  of  Ruling  Grade  on  Cost. — Money  spent  on  the  reduction 
of  ruling  grade  is.  never  wasted  although  it  is  not  good  policy 
to  spend  large  sums  to  reduce  below  5%  in  hilly  country  or  2j^% 
in  level  country.  The  effect  on  cost  of  the  selection  of  a  5%  in 
place  of  a  6%  or  a  6%  in  place  of  a  7%  depends  largely  on  the 
method  of  construction  that  niust  be  used.    Where  locations  are 
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fixed  by  well  established  right-of-ways  and  permanent  structures 
and  the  cost  of  new  right-of-way  is  very  high  grades  are  generally 
reduced  by  cut  and  fiU.  Under  these  conditions  the  eflFect  of  the 
selection  of  rate  is  very  marked  and  no  general  relation  can  be 
established  as  each  case  is  a  law  unto  itself.  To  show  the  fluc- 
tuating amounts  of  excavation  per  mile  for  different  improvements 
based  on  different  rates  of  ruling  grade  where  cut  and  ml  was  used, 
Table  9,  page  30,  has  been  compiled. 

Unfortunately  many  of  the  roads  in  the  older  states  were  not 
laid  out  on  natural  engineering  locations  and  grade  improvements 


Pig.  I. — Balanced  sidehill  section.  « 

are  expensive  either  on  account  of  excessive  cut  and  j5ll  or  the  high 
cost  of  new  right-of-way  on  a  better  location.  In  mountain  road 
or  ordinary  locations  m  newly  settled  districts  the  question  of 
right-of-way  rarely  handicaps  the  design  and  easy  grades  are 
obtained  at  moderate  cost  by  natural  locations  which  avoid  steep 
adverse  grades  by  going  around  a  hill  or  develop  moderate  grades 
on  a  long  climb  by  a  longer  distance.  In  climbing  on  a  sidehill 
location  the  road  section  is  generally  what  is  known  as  a  balanced 
section,  that  is,  the  cut  just  makes  the  fill  by  side  displacement. 
The  amount  of  excavation  per  mile  is  not  affected  by  the  rate 
of  grade  but  usually  the  length  of  road  is  affected. 


B  Elevation  60O0 ' 


EkvaHonSOOO'       I  T" 

< -3  Milts.  -  -""-^  [* 


—  doth  Un9i  6.0  Miles- 


\ 


Fig.  2. 

Generalizing  we  can  say  that  the  effect  of  grade  reduction  on 
cost  is  not  as  marked  as  for  cut  and  fill  methods  and  that  roughly 
the  relation  of  cost  to  grade  depends  on  the  length  which  is  often 
inversely  proportional  to  the  rate;  that  is,  where  cut  and  fill  is 
used  a  5%  grade  might  easily  cost  three  or  four  times  as  much 
as  a  6%  grade  but  where  sidehill  location  is  possible  a  5%  would 
rarely  cost  more  than  %  as  much  as  a  6  % .  This  is  of  course  affected 
by  all  sorts  of  local  conditions  and  may  not  apply  at  all  but  is 
true  by  and  large  and  serves  to  illustrate  the  relation  of  rate  to 
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cost.  To  illustrate:  If  the  difference  in  elevation  between  A 
and  B  is  looo  feet  a  6%  grade  would  require  approximately  $yi 
miles  of  length  and  a  5%  grade  4  niiles  to  make  the  ascent.  If 
the  direct  dbtance  between  A  and  B  is  less  than  3  H  niiles  the  lengths 
of  the  two  lines  will  be  approximately  as  given.  If  the  distance 
from  A  to  B  is  more  than  4  miles  there  would  be  little  difference 
in  the  length  as  it  would  merely  mean  that  the  5%  started  to  climb 
sooner  than  the  6%.  Under  most  conditions  the  cost  would  be 
more  affected  by  the  character  of  the  excavation  on  the  different 
locations  and  by  the  number  of  switchbacks  required  for  the  smaller 
rate.  The  difference  in  cost  due  to  the  difference  in  rate  of  ruling 
grade  in  mountain  location  does  not  often  warrant  the  adoption  of 
excessive  grades. 

No  criticism  of  wasteful  expenditure  on  ruling  grade  can  be  made 
in  regard  to  most  of  the  plans  as  now  designed  but  in  manv  instances 
the  profile  feature  of  intermediate  grades  is  not  intelligently  handled. 

Intermediate  Grades. — ^Intermediate  grades  include  all  rates 
between  >the  ruling  and  minimum  grades  for  the  particular  job  in 
question.  They  afford  the  greatest  chance  for  reasonable  economy 
of  earthwork  of  any  part  of  the  grading  design  and  usually  receive 
the  least  attention.  From  the  standpoint  of  traffic  they  have 
no  road  value;  their  proper  use  however  controls  the  convenience 
and  suitability  of  the  road  to  abutting  property  and  controlling 
conditions.  In  laying  a  profile  grade  the  controlling  points  must 
first  be  considered;  these  are  high  water  levels  of  flood  areas,  eleva- 
tions of  existing  bridges,  railroad  crossings,  all  points  where  deep 
cuts  or  high  fills  would  damage  the  approaches  to  valuable  propertv; 
connections  with  other  highwa}^,  portions  of  the  road  previously 
improved  and  in  villages  the  elevation  that  will  permit  future  widen- 
ing and  curbing  that  will  fit  the  case. 

Current  practice  handles  most  of  these  controlling  features 
intelligently  with  the  exception  of  grades  through  villages  which 
are  almost  without  exception  too  high  for  future  widening  and  curb 
finish.  Designers  are  cautioned  to  use  city  street  methods  and  to 
make  the  elevation  the  same  as  if  a  full  width  curbed  pavement 
was  being  designed. 

Effect  of  Intermediate  Grades  on  Cost. — All  of  these  controlling 
points  must  be  satisfied  but  they  usually  affect  only  a  small  per- 
centage <rf  the  length  of  any  improvement  and  on  the  greater  portion 
of  the  road  the  most  economical  elevation  and  any  intermediate 
rate  of  grade  can  be  used.  A  grade  so  established  that  the  cut 
in  every  cross-section  would  just  make  the  fill  at  that  point  would 
result  in  the  least  possible  excavation  and  the  cheapest  kind  of 
grading  methods.  This  condition  can  never  be  realized  but  the 
nearer  it  is  approximated  the  nearer  we  get  to  the  most  economical 
grading  design.  Where  intermediate  grades  are  applicable  there 
is  no  restriction  on  any  combination  of  rates  as  they  have  no  effect 
on  traffic  loads  and  by  an  intelligent  selection  the  ideal  solution 
can  be  closely  approximated.  The  cheapest  and  most  satisfactory 
profile  can  be  obtained  by  the  use  of  the  "roUing  grade;"  by  this 
IS  meant  a,  profile  made  up  of  a  combination  of  simple,  compoundi 
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or  reverse  vertical  curves,  connected  by  tangent  grades  only  when 
the  tangent  grade  is  the  most  economical  or  is  necessary  to  prevent 
a  series  of  short  humps  and  hollows.  Long  straight  grades  are 
not  required  a  mistake  easily  made  by  engineers  trained  in  railroad 
work.  Short  grades  are  not  objectionable  and  reverse  vertical 
curves  ride  easily  if  well  built.  The  rolling  grade  is  also  more 
pleasing  in  appearance  than  a  straight  proiile  if  not  carried  to 
extremes.  It  appears  that  there  is  too  much  tendency  to  cut  the 
top  of  each  knoll  and  fill  each  hollow  for  it  is  certainly  a  waste  of 
money  to  reduce  a  natural  4%  grade  to  a  3.5%  or  a  3.5%  natural 
grade  to  a  3%  if  the  ruling  grade  is  5%. 

We  can  not  overestimate  the  importance  of  this  principle  as  the 
plans  of  about  2000  miles  of  road  constructed  in  the  last  ten  years 
which  the  writer  has  looked  over  in  this  connection  show  a  needless 
expenditure  of  at  least  a  million  dollars  for  grading  which  had  no 
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practical  value  whatever.  This  element  of  poor  design  in  current 
practice  is  probably  due  to  the  fact  that  the  savings  are  not  spec- 
tacular at  any  one  place  but  if  the  principle  is  consistently  used  the 
total  result  is  spectacular. 

It  is  also  undoubtedly  true  that  the  previous  railroad  training  of 
most  road  engineers  and  college  instructors  has  had  a  detrimental 
effect  on  intermediate  profile  design.  The  author  has  personally 
applied  the  "rolling  grade"  principle  on  construction  work  for  the 
last  seven  years  and  found  that  the  saving  averaged  about  $500 
per  mile.  An  intelligent  grade  line  design  will  also  often  change 
the  method  of  grading  as  well  as  reduce  the  yardage.  To  illustrate 
we  will  cite  the  Heber  Fruitland  Road  in  Utah.  The  original 
design  used  long  straight  railroad  grades  which  required  wagon 
haul;  the  redesign  used  a  foiling  grade  which  not  only  reduced  the 
amount  of  excavation  by  about  30%  but  also  practically  eliminated 
wagon  haul  for  most  of  the  work  and  made  it  possible  to  handle 
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the  dirt  with  slip  scrapers  and  road  machine  blade  scrapers.  This 
reduced  the  cost  per  cubic  yard  about  25%.  The  quantity  re- 
duction plus  the  unit  cost  reductions  amounted  to  approximately 

50%. 
The  Effect  of  Arbitrary  Profile  Limitations  on  Cost — A  common 

grade  line  limitation  calls  for. tangent  grades  drawn  to  intersection 

with  simple  vertical  curves  easing  off  the  apex  and  insists  on  100' 

of  tangent  grade  between  the  ends  of  these  vertical  curves.    This 

sounds  scientific  but  has  no  practical  value  and  is  cited  to  illustrate 

the  danger  of  ^11  considered  limitations.    A  specification  of  this 

kind  often  increases  the  grading  bv  from  500  to  looo  cu.  yd.  per 

mile  an  example  of  which  is  given  below. 

• 

PITTSFORD— N.  HENRIETTA  ROAD  IN  NEW  YORK  STATE 

Length  2.67  Miles 

Original  Design  Revised  Design 

Maximum  Grade  5  %.  Maximum  Grade  5  %. 

Profile. — Straight  grades  with  Profile. — Rolling  grade. 

100'   of    tangent   between 

vertical  curves. 

Original  amount  excavation  Revised  amount  9300  cu.  yd. 

11,450  cu.  yd. 

(A  saving  of  800  yd.  per  mile.) 

In  conclusion   we  may  say  fhat  the  matter  of  intermediate 
grades  needs  more  care  than  it  is  at  present  receiving. 


MINIMUM  GRADES 

Hard  Surfaced  Pavements. — Most  road  books  claim  that  level 
grades  should  not  be  used  because  of  the  liability  of  water  standing 
in  ruts  and  that  a  certain  minimum  grade  should  be  adopted  that 
will  insure  their  longitudinal  drainage.  Baker  states  in  his  "  Roads 
and  Pavements"  that  for  macadam  roads  English  engineers  use 
a  minimum  grade  of  1.5%,  French  engineers  0.8%  and  that  Ameri- 
can practice  favors  0.5%.    Let  us  see  what  this  means. 

For  a  1.5%  grade  the  fall  would  be  H  inch  per  foot 
For  a  0.8%  grade  the  fall  would  be  J-Zo  inch  per  foot 
For  a  0.5%  grade  the  fall  would  be  He  inch  per  foot 

The  flattest  crown  that  is  ordinarily  used  even  on  bituminous 
macadam  is  %"  per  foot  or  twice  as  much  as  the  greatest  longitudi- 
nal fall  in  the  above  list.  For  long  ruts  the  longitudinal  grade  is  of 
course  eflFective  but  the  patrol  s)rstem  of  maintenance  is  supposed 
to  prevent  their  formation  and  for  short  small  depressions  the  crown 
slope  must  furnish  the  drainage.    There  seems  to  be  no  reason 
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why  level  grades  should  not  be  used  on  hard  surfaced  roads;  on 
such  stretches  the  crown  can  be  increased  slightly  to  insure  trans- 
verse drainage  and  the  ditches  given  a  minimum  longitudinal 
fall  of  0.2'  to  0.5'  per  100  ft.  depending  on  the  soil  to  insure  the 
longitudinal  drainage  of  the  surface  water. 

Earth  Roads. — On  earth  or  gravel  roads  attention  should  be 
given  to  minimum  grades  as  for  these  types  they  have  some  value 
but  not  enough  to  warrant  much  expenditure, 
i  It  is  advisable  to  use  a  0.4%  to  0.5%  grade  where  much  snow  or 
rain  occurs  but  in  the  arid  regions  no  minimum  restriction  should 
be  specified. 

ADVERSE  GRADES 

Adverse  grades  are  defined  as  grades  contrary  to  the  general 
rise  and  fall  of  the  road  between  terminals  or  controlling  points. 
Xt  is  important  to  avoid  them  on  mountain  road  locations  where  the 
prime  object  is  to  gain  elevation.  They  are  not  a  drawback  in 
ordinary  rolling  topography.  This  is  so  self-evident  that  it  hardly 
seems  necessary  to  state  it.  There  is  no  serious  objection  to  short 
adverse  grades  even  on  a  long  climb  if  by  their  use  the  alignment 
can  be  bettered  and  excavation  saved  in  crossing  a  small  gully; 
the  main  objection  is  to  long  adverse  grades  introducing  consider- 
able additional  rise  and  fall  which  could  be  avoided  by  a  better 
engineering  location.  This  point  is  generally  considered  in  the 
selection  of  the  general  route  and  is  covered  by  the  comparison  of 
routes  in  the  preliminary  investigation. 

Grades,  Summary. — The  discussion  of  grades  may  be  summa- 
rized as  follows: 

The  road  value  of  ruling  grades  can  not  be  overestimated. 
Any  expenditure  on  this  feature  is  justified  so  long  as  it  is  consistent. 
The  use  of  properly  proportioned  short  maximum  grades  in  con- 
nection with  long  rulmg  grades  is  the  greatest  source  of  justifiable 
economy. 

Minimum  center  line  grades  have  no  road  value  on  hard  surfaced 
roads  and  oiily  a  slight  value  on  earth  roads.  Minimum  ditch 
grades  are  important. 

The  traflic  value  of  intermediate  grades  is  negligible  but  their 
importance  in  economical  design  is  large.  The  greatest  faults  of 
present  practice  are  the  needless  reduction  of  light  natural  grades 
and  the  use  of  long  straight  railroad  rates. 

Steep  grades  must  be  modified  for  sharp  alignment  which  is 
discussed  in  the  following  text. 
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Table  9 

Part  i.  —  Compiled  from  the  1908  and  1909  Reports  of  the 

New  Jersey  Highway  Commission. 


Name  of  Road 


May's  Landing   .... 

Rivervale  

Westwood    

Franklin  Turnpike. . . 

Summit 

Lamberton 

Westfield  ..r 

Blue  Anchor 

Malaga  

Whitehouse , 

English  Creek    

Paterson  Plank  Rosul 

YeslerWay 

Camden , 

Evesham 

Schellenger's  LaiuUng 

Goshen   , 

Tuckahoe  , 

Hopewell 


Length 

in 
Miles 


X4.0 
S.o 
i.a 
1.6 

1.Q 

3.9 
3.1 
2.3 
5-7 
6.S 
6.7 
2.3 
2.7 

2.4 
2.4 
2.1 
2.6 

4.3 
2.0 


Maximum 

Original 

Grade 


4.2 


Max. 

Improved 

Grade 


Excavation  in 
cu.  yds.  per  Mile 


3,2  30 
4,680 
a,soo 
8,200 

5,300 

^S40 
6,soo 
3,300 
1,700 
4,100 
3,000 
(Emb.)  50,000 
S,7oo 

S,300 

3,Soo 
S.000 
4,Soo 
8,zoo 
3.800 


Table  9 

Part  2.  —  Compiled  from  the  Records  of  the  New  York 

State  Highway  Commission. 

Plans  for  19 1 1 


Name  of  Road 


Pittsford  —  North  Henriette    

Indian  Falls  —  Corfu 

Pembroke  —  East  Pembroke    

Livonia  —  Ontario  County  Line 

Livonia  —  LakeviUe 

Avon  —  Lima    

Sea  Breeze  —  Nine  Mile  Point  ./.'.i 

Bliss  —  Smith's  Comers 

Wales  Center  —  Wales  ...........'. 

Scottsville  —  Muinf ord   

Ridge  — Rochester —  Sea  Breere   .. 

Medina  —  Alabama  

Pavilion  —  Batavia '....'. 

Parma     Comers  —  Spencerport  — 
North  ChiU .VT.......... 


Character 
of  Country 


RolUng 

Pat 

Hilly 

HiUy 

Hilly 

Hilly 

Hilly 
Rolling 

Hilly 

RolUng 

50%  FHit 

50%  HiUy 

Rolling 

Hilly 

Flat 


Maximum 

Improved 

Grade 


6.0% 


Width  of 
Section 

between 
Ditches 


24 
32 

32' 
26' 
26' 
28' 
32' 
32;  & 

28^-33' 

33'-30' 
33' 


Esccin 

cu.  yds. 

permL 


3500 
3800 
3600 
S500 
4SOO 
3300 
6600 
3400 
S700 
3400 
^So 

3800 
3950 

3330 
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Table  9.    Continued 
Compiled  from  the  Recow)S~of  the  New  York  State 

Highway  Commission. 

Plans  for  1910 


Name  of  Road 


Lake  Part  2  &  Sweden  4th  Sect. 

Warsaw  —  Pavilion    

East  Henrietta  —  Rochester  . . . 

Olean  —  Hinsdale  

Leroy  —  Caledonia  (1.5  miles)  . 
Shawnee  —  Cambria 

Roberts  Road 

Sanborn  —  Pekm    

Oak  Orchard,  Part  2 

Levant  —  Poland  Center 

Dansville  —  Mt.  Morris,  H  . . . 
Castile  Center  —  Perry  Center  . 
Lake  Shore  —  Lackawanna  City 

Eighteen  Mile  Creek 

Albion  Street  —  Hollcy  

Pembroke  —  East  Pembroke    . . 


Character 

of 
Country 


Flat 
ti 

Rolling 
Flat 

RolUng 
60%  Fkt 
40%  HiUy 

Rollmg 

Flat 

Rolling 

Hilly 

« 

Flat 
ti 

HiUy 
Rolling 


Maximum 

Improved 

Grade 


Width  of 
Section 

between 
Ditches 


32' 

28'-32' 

32-40' 

28'-32' 

32' 
32' 

30-32' 

28'-^2' 

^< 

30' 

28^-32' 

32' 


Ezc.  in 
Cu.Yds. 
per  mi. 


2560 
3900 
2300 
4000 
1950 

3150 
3230 

2800 

2300 
4000 
6200 
2820 
2120 
6100 
3440 
3800 


Table  9.    Continued 

Compiled  from  the  Records  or  the  New  York  State  Highway 

Commission. 

Plans  for  1908  and  1909  (Selected  Roads) 


Name  of  Road 


Character  of 
Coimtry 


Hamburg  —  SpringviUe  Sect.  I' 

«  •«  H        TJ 

Collios  —  Mortons  Comers  . . . 

Clarence  Center 

Orchard  Park  —  Griffin's  Mills 

County  Line 

Geneseo  —  Avon 

Geneseo — Mt.  Morris 

Alden  —  Town  Line 

Pittsford  —  Mendon 

Pittsford  —  Despatch 

Qover  Street  Section  I 

«  "         "      II 

Rich's  Dugway   

Left  FcHk  —  German  Church  . 
Goodrich  Road   

Hamburg  —  North  Collins   . . . 

lAwton  —  Gowanda 

Chm 

Brooks  Avenue   

Xyell  Avenue  

Banutid*s  Crossing 


Rolling 
HiUy 


It 


Max. 

Improved 

Grade 


Width  of 
Section 
between 
Ditches 


Flat 
Hilly 
Flat 

Hilly 

(( 

Flat 

Hilly 
« 

i< 

Rolling 
Hilly 
Rolling 
60%  Flat 
40%  Rolling 


Rolling 

Flat 
i( 

« 


6.05 
7.05 
7.05 

8.0* 
S.o< 

S'Z\ 
6.0* 
6.0^ 
6.0^ 


I 


.05 
45* 
7.3* 
6.2^ 
S.oj 
6.0^ 
9.o« 

7.5* 
5.05 
4.6* 
a.2« 

4.4^ 


30 

3° 

a8' 
a8' 

32; 
3a' 

22*-28' 

24 
28' 

20*-a8' 
28' 

26'-32' 

22-32' 

^a; 

28' 

24-30' 

26'-3o' 
22' 


Excin 
cu.  yds. 
per  mi. 


ip20 
3100 
3256 
2200 
2000 
2x00 
2200 
3460 
Z960 
30C0 
3600 

2SSO 

3000 
5000 
2000 

3100 

4200 
S300 
2800 
2240 
2400 
2174 


n 


2>^ 
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.  Table  9.    CanUnued 

Compiled  from  the  Records  op  the  New  York  State  Highway 

Commission. 

Plans  from  1898  to  1907.    (Selected  Roads) 


Name  of  Road 


East  Avenue 

Pittsford  

Fairport    

Ridge  Road    

Buffalo  Road  

White's  Corners  Plank  Road 

Orchard  Park 

Transit,  Sections  I  &  II  . . . . 

Hudson  Avenue  Road    

West  Henrietta  ^ 

Scottsville,  Section  I , 

"      II 

Monroe  Avenue 


Character 
of  Country 

Max. 

Iinproved 

Grade 

Rolling 

5.0% 

<( 

5.0% 

K 

55% 

3-3% 

Flat 

2.0% 

<( 

3-5% 

3-9% 

(1 

4.6% 

Rolling 

3.1% 

Flat 

4.0% 

RoUing 

5.0% 

FUt 

4-S% 

Width  of 
Section 
between 
Ditches 


22' 

a' 

20-22' 


26' 


22-25' 
22' 
20' 
22' 
22' 
22' 
22' 
22' 

22'-24' 


Ezc.  in 
cu.  yds. 
per  mi. 


8160 
5840 
0580 
2150 
1700 
4600 
4200 
2100 
7100 
3400 
2000 

3IOO 
1850 


Table  9 

Part  3.  —  Compiled  from  the  Reports  of  the  Massachusetts 

State  Highway  Commission.    1896 


Name  of  Road 


Andover   

Brewster 

Dalton 

Gloucester 

Granby  

Great  Barrington 

Hadley    

Munson 

Norfolk  

North  Hampton 

Pittsfield 

Tisbury 

Westport 

Wrentham 

Walpole 

Duxoury 

Fairhaven     

Fitchburg  

Goshen^ 

Marion   

Mattapoisett 

Lee 

Leicester  


Length  in 
Miles 


0.6 
x.o 

IS 

1.6 

0.63 

i.o 

1.49 

O.Q3 

X.2 
0.56 

X.o 

1.93 
3.0 

X.62 
I.6I 
I. OS 

1.4s 
0.97 
X.9I 
X.48 
X.I6 

IS 
2.0 


Maximum 

Improved 

Grade 


4.9  ^ 

336* 

6.0 

so 

2.7 

2.6 

4.0 

2.95^ 

S.3 

1.25* 

4.2s; 
4.40* 

1.7 
4.0 
6.0 
3.8 

o 

.0 
SO 
SO 

4.25j 
5.16} 
S-o  % 


t 


Width  of 
Section 
between 
Ditches 


24 
21 

30 
21 
21 
2 1 '-24' 
21' 
21' 

2X' 
26' 
21' 
21' 

24' 

21 

21' 

21' 

21' 

21' 

21' 

21' 

21' 


Exc.  in  cu. 
yds.  per  mi. 


6000 
2607 
X920 
3200 
5300 
2300 
8930 
3000 
33SO 
4300 
4700 
7S40 

ISOO 

3700 
5600 
3800 
Z200 
4SOO 

9700 
1500 
z8zo 
3SOO 
3800 


SIGHT  DISTANCE  33 


ALIGNMENT 

High  Type  Pavements. — Alignment  on  this  class  of  improvement 
is  generally  pretty  well  determined  by  existing  rights-of-way. 
Changes  are  made  for  extremely  unsafe  conditions  but  otherwise 
this  feature  received  comparatively  little  attention  and  has  small 
affect  on  cost. 

Sharp  curves  on  steep  grades  or  at  the  foot  of  such  grades  are 
not  safe;  good  practice  calls  for  a  minimum  radius  of  300  to  400 
feet  for  these  cases.  Right  angle  turns  even  on  level  stretches  are 
inconvenient  and  often  dangerous.  New  York  State  has  adopted 
a  radius  of  200  feet  as  a  minimum,  wherever  possible,  acquiring 
new  right-of-way  when  necessary,  and  it  is  very  evident  that  the 
increased  comfort  has  pleased  the  traveling  public. 

On  comparatively  straight  stretches  the  position  of  the  center 
line  should  be  shifted  to  keep  on  the  old  roadbed  as  much  as  possible 
and  yet  give  a  pleasing  appearance;  this  is  done  to  utilize  the  hard 
foundation  of  the  present  traveled  way  for  the  sub-grade  of  the  pro- 
posed metaling. 

Si^t  Distances. — In  designing  a  sidehill  road,  in  rough  country, 
the  alignment  and  width  of  shoulder  often  depends  i!lpon  what  we 
may  call  "a  safe  sight  distance,"  this  means  that  the  driver  of  a 
machine,  traveling  at  ordinary  touring  speed  of  20  to  30  miles  per 
hour,  must  be  able  to  see  far  enough  ahead  to  turn  out  and  pass 
an  approaching  car  without  the  application  of  brakes.  In  attempt- 
ing to  reach  a  conclusion  as  to  what  is  a  "safe  sight  distance" 
we  have  written  to  automobile  clubs  throughout  the  country  and 
find  that,  in  the  main,  they  agree  on  from  200  to  300  feet  for  speeds 
of  20  to  25  miles  per  hour. 

Mr.  George  C.  Diehl,  Chairman  of  the  G6od  Roads  Board, 
A.  A.  A.  and  County  Engineer  of  Erie  County,  N.  Y.,  gave  us  the 
following  information  for  emergency  stops  and  passing  without 
slowing  up: 

"The  tests  that  we  have  conducted  show  that  a  car  going  at  the  rate  of 
20  miles  per  hour  can  be  stopped  at  40  feet  and  one  going  at  40  miles  per  hour 
can  be  stopped  at  140  feet  with  the  emergency  brake.  For  passing  a  rig 
going  in  an  opposite  direction  this  distance  womd  not  be  necessary." 

Mr.  Diehl's  figures  are  considerably  less  than  the  distances 
given  in  the  other  answers.  A  minimum  sight  distance  of  250  to 
300  feet  in  the  practice  of  Division  No.  5,  New  York  State  Depart- 
ment of  Highways. 

In  the  chapter  on  "  Office  Practice,"  tables  are  given  showing 
the  "sight  distance"  for  different  curves  in  "cuts." 

Mountain  Roads. — On  mountain  roads,  alignment  is  given 
careful  consideration  as  it  has  a  marked  effect  on  cost  and  safety. 
From  eastern  road  standpoints  very  few  of  the  mountain  roads 
of  the  west  can  be  considered  safe  for  traffic.  Extreme  safety 
is  prohibitive  in  cost  and  it  is  out  of  the  question  to  attempt  to 
fulfil  the  sight  distance  requirement  cited  above.  Much  can  be 
done  by  widening  sections  at  sharp  curves  and  the  so-called 
dayUghting  of  curves  shown  in  Figure  No.  4  but  a  great  deal  must 
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be  left  to  the  care  of  the  driver.  The  main  advantage  of  the 
method  shown  in  Figure  4  is  that  even  if  the  driver  hugs  the  wrong 
side  of  the  road  he  can  see  ahead. 

In  alignment  design  the  radii  are  made  as  large  as  possible  to 
fit  the  mountain  side  without  excessive  grading.  On  steep  slopes 
the  grade  contour  must  be  followed  closely.  There  is  no  hesita- 
tion in  using  radii  as  sharp  as  80'  at  the  head  of  gullejrs  where  the 
driver  can  see  across  the  curve  or  a  radius  of  100'  on  outside,  curves 
where  the  sight  distance  depends  on  the  radius.  Even  these 
limits  are  impractical  in  very  rough  country  where  radii  of  40' 
are  considered  reasonable.  All  outside  curves  with  a  sigh^  distance 
of  less  than  100'  should  be  posted  with  danger  signs. 


.Bench cufoufofSldpe  .1 

4^     I 

.  Banked  One  Way  Crown^.^ 


Fig.  4. — "Daylighting**  a  curve. 


Effect  of  Alignment  on  Grade. — On  sharp  curves  it  is  desirable 
for  the  driver  to^ve  first-class  control  on  the  score  of  safety. 
An  extremely  sharp  curve  with  a  large  central  angle  also  reduces 
the  hauling  capacity  of  a  six  horse  team  by  from  20  to  40%.  Con- 
sidering both  safety  and  team  hauling  it  is  therefore  desirable  to 
reduce  ruling  grades  on  sharp  curves.  These  considerations 
have  no  practical  value  on  mountain  roads  for  curves  having 
radii  greater  than  100'  but  on  sharper  curves  good  practice  recog- 
nizes this  principle.  Ordinary  design  uses  radii  of  from  40'  to 
80'  on  difficulty  switchback  turns.  For  a  40'  radius  the  grade 
should^notXexceed,3%.and  for_an_8o'  radius  4%  is  a  reasonable 
maximums. 

Effect  of  Alignment  on  Cost-7-The  arbitrary  limitation  of  mini- 
mum radius  has  a  large  effect  on  cost.  The  following  example 
will  illustrate  this  point.  These  revisions  were  made  by  C.  H. 
Chilvers  on  the  Rabbitt  Ears  Pass  Road  in  Colorado  to  show  the 
effect  jof  alignment  on  excavation. 

^The  office  method  of  plotting  a  gopd  cheap  alignment  are  de- 
scribed in  detail  in  Chapter  XIII. 

Conclusion. — ^Alignment  is  important  and  worth  careful  study 
on  new  locations  but  becomes  a  minor  feature  where  existing 
rights-of-way  must  be  utilized. 
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Rabbit  Ears  Road,  State  of  Colorado,  Side  Hill  Section 


Original  Design 

First  Revision 

Second  Revision 

Length  8.79  miles 
Width  of  roadway  16' 
Maximum  grade  8  % 
Grades    flattened    on 

switchback  turns 
Minimum  radius  100' 
Pirst-dass    alignment 

throughout 

Total  amount  of  ezc. 

91,000  cu.  yd. 
First-class  design  but 

needlessly  expensive 

Length  8.81  miles 

Width  16' 

Maximum  grade  8  % 

No  grade  compensation 
on  curves 

Minimum  ra(Uus  100' 

First-class  alignment  but 
more  curving  eliminat- 
ing   many    expensive 
tangents 

Amount   of  exc.  65.000 
cu.  yd. 

First-class  design  shows 
effect  of  careful  intelli- 
gent alignment  engi- 
neering 

Length  8.94  miles 
Width   16' 

Maximum  grade  8.5  % 
No   compensation  on 

curves. 
Minimum  radius  40' 
Poor  crooked  alignment 

carried  to  extremes 

Amount  of  exc.  38,000 
cu.  yd. 

Illustrates  extreme  effect 
of  alignment  on  cost 

From      an     engineering 
point     of   view   there 
was  no  justification  for 
this  design  for  the  to- 
pography in  question 

Note.-— On  one  switchback  turn  on  this  road  a  100'  radius  required 
5000  cu.  yd.  exc  and  a  /a/  radius  500  cu.  yd.  or  one-tenth  as  much.  Short 
radii  are  justified  in  isolated  cases  but  their  continuous  use  to  save  small 
amounts  is  poor  practice. 

RAILWAY  GRADE  CROSSING  ELIMINATIONS 

Grade  crossings  are  being  eliminated  as  rapidly  as  possible  as 
they  are  a  source  of  danger.  The  overhead  clearance  and  width 
of  roadway  in  subways  are  given  in  Chapter  XIII.  Where  a  grade 
crossing  is  necessary  the  alignment  should  be  straight  and  if  it  is 
necessary  to  approach  the  track  on  a  grade  this  grade  should  not 
exceed  5  %  and  the  portion  of  the  road  for  at  least  50'  and  prefer- 
ably 100'  on  both  sides  of  the  tracks  should  be  practically  level 
to  permit  the  perfect  control  of  a  jig  as  it  approaches  the  crossing. 
Anyone  owning  an  automobile  is  familiar  with  the  dangerous 
element  of  driving  where  precautions  of  this  kind  are  not  observed. 
The  best  examples  of  current  restrictions  in  regard  to  grade  and 
alignment  at  railway  crossings  are  given  in  Chapter  XIII. 


CHAPTER  II 

SECTIONS 

The  date  will  be  presented  by  discussion  and  examples  of  current 
practice  for  both  High  type  roads  in  ordinary  topography  and  for 
mountain  conditions. 

High  Type  Road  Sections.     (Ordinary  conditions) 

Discussion. — (Development  of  Standard  Section.)  Sections 
may  be  considered  from  the  standpoints  of  safety,  convenience  and 
economy. 

For  safety  a  rig  should  be  able  to  travel  on  any  part  of  the  road 
from  ditch  to  ditch  without  overturning;  for  convenience  the  width 
ordinarily  used  by  traflSc  must  have  sufficient  pitch  to  drain  the 
surface  to  the  ditches  but  not  enough  to  give  an  uncomfortable 
tilt  to  a  vehicle;  for  economy  the  section  must  be  flexible  in  order 
to  conform  to  local  conditions. 

The  first  questions  are  naturally:  What  is  a  safe  driving  slope? 
What  is  a  comfortable  driving  slope?  What  pitch  is  required  to 
drain  different  surfaces?  What  are  stable  slopes  for  cut  and  fill 
back  of  the  ditch  line?  What  is  the  commonly  used  width,  and 
what  the  maximum  width  of  the  traveled  way? 

All  of  these  points  except  the  last  two  have  been  pretty  well 
determined,  and,  while  some  engineers  disagree  with  current 
practice  the  writer  believes  from  his  experience  and  a  study  of 
various  State  sections  that  the  following  premises  can  be  safely 
adopted: 

That  3"  to  i'  or  4  to  I  is  the  maximum  safe  driving  slope. 

That  i"  to  i'  is  the  maximum  agreeable  driving  slope. 

That  y  to  i'  is  the  minimum  slope  at  which  an  earth  shoulder  will  shed 
water  without  too  much  maintenance. 

That  H"  to  i'  or  H"  to  i'  is  a  satisfactory  crown  for  a  single  track  water- 
bound  macadam  and  that  yi"  \s^  satisfactory  crown  for  a  double  track 
waterbound  macadam. 

That  H"  or  W*  to  i'  is  a  satisfactory  crown  for  waterbound  macadam 
having  tar  or  asphalt  flush  coats  or  for  bituminous  macadams  or  mineral 
bitumen,  double  track  roads. 

That  \i"  or  W  to  i'  is  a  satisfactory  crown  for  brick,  asphalt,  concrete 
or  any  other  rigid  type  of  pavement  used  on  country  roads. 

That  stable  cut  and  fill  back  slopes  depend  on  the  material  and  climate 
and  range  from  M  :  i  to  4  :  i  as  will  be  discussed  later. 

The  width  of  roadway  carryiug  the  greater  portion  of  the  travel 
and  the  maximum  width  when  rigs  turn  out  to  pass  are  not  so  wdl 
established;  these  two  points  determine  the  most  economical  width 
of  hard  pavement  and  the  niinimum  convenient  driving  width  no 
part  of  which  should  have  a  transverse  slope  of  more  than  i"  to  i'. 
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Probably  the  most  systematic  record  of  these  widths  can  be 
found  in  the  reports  of  the  Massachusetts  Highway  Commission 
during  the  years  1896  to  1900  and  while  the  data  does  not  exactly 
apply  to  present  traffic  conditions  it  indicates  the  general  relation 
between  widths  of  heavy  and  light  use.  Table  10  gives  the  results 
on  a  few  roads  showing  the  form  used  and  the  variation  from  year 
to  year;  the  footnote  for  Table  10  gives  a  summary  of  the  observa- 
tions on  160  roads  for  the  years  1896  to  1899  inclusive;  this  brief 
was  prepared  by  J.  Y.  McClintock,  County  Engineer,  Monroe 
County,  New  York,  and  gives  a  better  idea  of  the  conditions  than 
would  be  conveyed  by  printing  the  original  table  in  full. 

Table  10.    Showing  Widths  of  Traveled  Way 


Town  or  City 


Athol 

Barre     

Bedford    

Chicopee 

Dalton  

Fitchburg  (W.) 
Huntington  .. 

Lincoln 

Marshfidd  . . . 
North  Adams 

Orange  

Taunton 


County 


Worcester  . 
Worcester  . 
Middlesex  . 
Hampden  . 
Berkshire  . 
Worcester  . 
Hampshire. 
Middlesex  . 
Pljrmouth. . 
Berkshire  . 
Franklin  .. 
Bristol  .... 


'SB 


20 

IS 


Maximum  Width  of 
Traveled  Way 


Z896 


16' 


20' 

% 

14 

I0'-I2' 
16' 
20' 


X897 


16' 

12' 
20' 

ao' 
xi' 
12' 

16' 
20' 


1898 


20' 

ao' 
21' 
18' 
11' 

II 

20' 

is' 


X899 


18' 

20' 

i6'-2i1 

x8' 

12' 

12' 

is'-ao' 

20' 

18' 


Width  of  Commonly 
Traveled  Way 


X896 


I0'-I2' 


20' 
10' 

8' 
8'-io' 
io'-i2' 
10-15 


S 


12' 

i' 

12' 
16' 
10' 

8' 

I 

10' 


14' 


10' 

12' 
18' 

10' 


1899 


14' 

8' 

I2'-l8' 

u' 

8' 
xo' 

IS' 

7-ia 


Width  of  traveled  way  on  160  roads  in  Massachusetts,  measured  during 
the  years  1896,  1897,  1898,  and  1899,  and  printed  in  the  report  of  the 
Massachusetts  Highway  Commission  for  1900. 

The  width  of  stone  on  these  roads  is  given  fis  15'  wide  on  130,  12'  wide 
on  3,  and  10'  wide  on  2..  It  should  be  remembered  that  the  stone  is  put 
on  very  much  thicker  in  the  middle  than  at  the  edges. 

The  maximum  width  of  traveled  way  as  measured  was  as  follows: 
9  ft.  wide  on    2  roads  18  ft.  wide  on  23  roads 


10 
II 
12 
13 
14 
IS 
16 

17 


n 
<  t 


6 

2 

28 

8 

23 

30 

8 

I 


19 

20 
21 
22 
24 
25 
26 

33 


It 


«4 


It 
I  I 


It 
It 


II 
14 


I 

10 
10 

I 

2 

4 
I 

I 


The  width  of  commonly  traveled  way  as  measured  was  as  follows: 
7  ft.  wide  on  12  roads  14  ft.  wide  on    8  roads 


8 

9 
10 
II 
12 
13 


17 
25 
32 
10 
30 
3 


IS 
16 
18 
20 
22 

25 


13 

2 

4 

2 
I 
I 


14 
II 
I  I 


Crown  has  a  marked  effect  on  width  of  heavy  travel.    A  heavy 
crown  such  as  %  to  i'  or  i"  to  i'  tends  to  concentrate  the  travel  in 
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the  center  and  is  a  detriment  on  a  heavy  travel  road.  With  crowns 
of  J^ "  or  less  per  foot  there  is  no  tendency  to  concentrate.  For  single 
track  pavements  where  the  traffic  naturally  stays  in  the  middle  a 
heavier  crown  is  desirable  as  being  easier  to  maintain;  on  double 
track  roads  }^"  or  less  should  be  used  for  both  the  convenience  of 
traffic  and  the  distribution  of  wear. 

The  author  has  measured  a  number  of  the  New  York  State  im- 
proved roads  and  found  that  the  width  of  heavy  travel  checked 
the  Massachusetts  results  but  that  the  maximum  widths  were  more 
averaging  from  1 8  to  21  ft.;  this  probably  can  be  explained  by  the 
increase  in  automobile  traffic  since  1900  which  because  of  its  higher 
speed  requires  more  room  in  passing. 

Briefly  stated  the  widths  subjected  to  hard  wear  on  unimportant 
roads  ranged  from  8'  to  10';  on  well  traveled  roads  10'  to  14'  and 
in  unusual  cases  14'  to  16'.  The  maximum  widths  varied  from  12' 
to  14'  on  side  roads  to  17'  to  18'  on  the  main  thoroughfares  and 
as  mentioned  above  have  increased  to  18'  to  21'  in  the  last  few  years. 
From  this  data  it  seems  that  the  best  practice  at  present  requires 

^^#!!:!!!3 — r 

...  22' ^^..— «— — ^>» 

Fig.  5. 

a  driving  width  of  about  22'  with  a  variable  width  of  strong  metal- 
ling determined  by  thie  traffic  requirements  and  ranging  from  10' 
to  20'. 

We  have  now  practically  developed  a  standard  for  the  22'  of 
driving  width;  the  metalling  that  is  to  carry  the  heavy  traffic  has 
a  specified  crown  for  each  variety  and  from  the  edge  of  the  metalling 
to  the  limits  of  the  22'  the  earth  shoulder  must  have  a  slope  of  i' 
to  i'  or  possibly  5^"  to  i'.  The  flexibility  of  the  section  depends  on 
the  portion  outside  of  this  22'.  The  function  of  the  extra  width  is 
to  keep  the  longitudinal  drainage  of  surface  water  beyond  the 
portion  used  for  driving.  To  do  this  we  are  limited  to  a  minimum 
slope  of  1"  to  i'  to  insure  transverse  drainage  and  a  maximum  of 
3"  to  I '  on  the  score  of  safety.  It  is  by  the  good  judgment  of  the 
designer  in  using  various  slopes  between  these  limits  and  various 
widths  and  depths  of  ditches,  combined  with  the  possibilities  of 
different  grades  that  the  economies  in  earthwork  are  effected  and 
at  the  same  time  the  design  is  made  appropriate  to  the  local 
conditions. 

The  author's  experience  has  indicated  that  an  open  ditch  does  not 
have  much  effect  on  ground  water;  that  its  part  in  the  design  is  to 
drain  the  surface  water,  thus  preventing  seepage  into  the  roadbed 
with  a  resulting  softening  of  the  surface;  and  consequently  whenever 
ground  water  is  encountered  under  drains  should  be  used.  Deep 
ditches  are  not  only  useless  but  dangerous  and  the  best  practice  calls 
for  the  least  deptn  that  will  handle  the  surface  water.    Frequent 


GRADING  WIDTHS  39 

culverts  are  desirable  to  rid  the  ditches  of  excess  water.  It  should 
be  remembered  that  road  ditches  are  to  protect  the  road  and  not 
to  furnish  farm  drainage  and  that  deep  farm  ditches  should  be  kept 
away  from  the  road  section.  The  following  section  is  therefore 
suitable  where  there  is  no  probability  of  much  surface  water;  it 
is  the  writer's  idea  of  the  minimum  width  section  which  will  be 
satisfactory,  and  where  it  can  be  adopted  will  give  the  most  eco- 
nomical grading  design  for  light  cuts  and  fills. 
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Effect  of  Grading  Width  on  Cost— The  width  of  grading  from 
ditch  to  ditch  has  a  distinct  effect  on  cost  but  no  general  relation 
can  be  established  for  the  ordinary  road  improvement  where  an 
old  road  forms  the  basis  for  the  new  grading.  Two  examples  are 
given  to  show  the  value  of  reasonable  reduction  in  sectional  widths. 

z.  INDIAN  FALLS— CORFU  ROAD  IN  NEW  YORK  STATE 

Original  Design  Revised  Design 

Length  1.85  miles 

NO  CHANGE  IN  PROFILE 

No  Change  in  Ratio  of  Cut  to  Fill 

Width  of  Macadam  14'  Width  of  Macadam  14' 

*'       "     Section  30'  "       "  Section  24' 

Depth  of  Ditch  18"  Depth  of  Ditch        14" 

Original  estimated  Revised  estimated 
excavation  7500  cu.  yd.  excavation  5200  cu.  yd. 

This  change  is  section  alone  resulted  in  a  saving  of  2300  cu.  yd. 
excavation  or  at  the  rate  of  1240  cu.  yd.  per  mile,  or  in  money 
about  $600.00  per  mile. 

3.  PITT8FORI>— NORTH  HENRIETTA  ROAD  IN  NEW  YORK  STATE 

Length  2.67  miles 
Original  Design  Revised  Design 

Width  of  Section  30'  Width  of  Section  24' 

Depth  of  Ditch  18"  Depth  of  Ditch  i2"-i4" 

Ratio  of  cut  to  fill  1.35%  Ratio  of  cut  to  fill  r.25% 

Maximum  Grade  5.0%  Maximum  Grade  5.0% 

Profile — Designed  with  straight  Profile — Rolling   grades    and 

instead  of  rolling  mdes  and  reverse  vertical  curves  used. 

tangents     of     100     between 

vertical  curves. 

Original    estimated    excavation  Revised  estimated  excavation 

11,450  cu.  yd.  6620  cu.  yd. 
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A  saving  of  4820  cu.  yd;  1800  cu.  yd.  per  mile,  or,  in  money, 
approximately  $900.00  per  mile. 

The  revised  design  on  this  road  is  a  good  example  of  what  can  be 
saved  by  the  use  of  a  section  that  fits  the  conditions,  a  rolling  grade, 
and  a  ratio  of  cut  to  fill  that  we  have  found  from  experience  to  be 
sufficient. 

Stable  Cut  and  Fill  Slopes  Back  of  Ditch  Line.— Economy  of 
design  and  maintenance  is  affected  by  the  selection  of  reasonably 
stable  slopes.  For  the  class  of  grading  usually  encountered  on 
roads  discussed  in  this  portion  of  the  chapter  their  effect  on  con- 
struction cost  is  not  great  and  they  do  not  generally  receive  much 
attention  but  for  Mountain  Roads  cut  and  fill  slopes  are  an  impor- 
tant consideration  in  the  design  and  their  effect  on  cost  are  worth 
considering. 

Table  25,  page  285,  shows  the  effect  in  detail  of  various 
cut  and  fill  slopes  on  yardage  of  the  ordinary  sidehill  mountain 
road  sections.  To  illustrate  the  point  we  will  quote  one  typical 
case  for  say  an  ordinary  double  track  section  (8-14)  Table  25. 


Natural  Ground 

Surface  Cross 

Slope 

M . 

Approximate  Yardage  per  Mile 

Cut  slope  iM  :i 
FilliM:i 

Cut  lyi.i 

Fill  iH'.i 

Cut  1:1 
PiU  iH:i 

s 
•s 

1,100  CU.  yd. 
2,200  "     " 
4,000  ''     " 
7,900  ''     '' 

950  CU.  yd. 

2,000  "     *' 

3.600   "     " 

7.000  ''     " 

12.100  "     " 

900  CU.  yd. 

1,900   "     ** 

3.300  "     ** 

6.100  "     " 

10,200  **     " 

19.600  "     '* 

Occasional  slides  can  not  be  avoided,  but  continual  slipping 
shows  poor  design  and  makes  both  the  maintenance  costly  and 
travel  dangerous. 

Stable  slopes  vary  for  different  materials  and  for  the  same  mate- 
rial under  different  climatic  conditions.  A  combination  of  mois- 
ture and  frost  requires  the  flattest  slopes  for  ordinary  soils.  On 
account  of  the  great  variety  of  circumstances  affecting  the  design 
no.  hard  and  fast  rules  can  be  laid  down  but  the  following  table, 
based  on  Railroad  and  Highway  practice,  indicates  the  slopes  that 
are  generally  used.  In  this  table  and  throughout  the  text  slopes 
are  referred  to  as  iH^  i»  etc.,  meaning  i}4  horizontal  to  i  vertical. 
In  some  of  the  State  Standard  illustrations  however  slopes  are 
shown  as  i  on  ij^  meaning  i  vertical  on  iK  horizontal.  It  is 
unfortunate  that  an  engineering  requirement  is  expressed  by  two 
different  methods  in  such  a  conflicting  order  and  care  must  be  taken 
to  understand  which  expression  is  used. 
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Discussion  of  Pavement  Widths  and  Effect  on  Cost. — Table 
12  shows  the  approximate  cost  of  different  types  of  hard  pave- 
ments per  mUe  per  foot  of  width.  These  costs  and  all  other  com- 
parative costs  in  the  book  are  based  on  labor  and  material  prices 
similar  to  those  prevailing  in  1912  to  191 4.  Labor  approximately 
$0.20  per  hour.  Cement  approximately  $1.25  per  bbl.  net,  etc. 
The  table  is  intended  to  illustrate  only  the  comparative  effect  of 
width  on  cost. 

Table    12 


Pavement 

Cost  per  Foot 
Width  per  Mile 

Brick 

$1200 

HOC 

950 

750 
650 

Asphalt 

Concrete 

Bituminous  Macadam 

Waterbound  Macadam 

The  difference  of  even  a  foot  in  width  makes  a  large  difference 
in  cost  where  it  is  applied  to  a  State  system  and  the  question  of 
the  most  suitable  width  is  open  to  argument.  There  are  two  sets 
in  general  use  10',  12',  15'  and  18';  and  12',  14',  16'  and  20'.  The 
first  seems  the  most  logical  using  the  10'  and  12'  widths  with  special 
shoulder  treatment  on  feeder  roads  (Class  III);  the  15'  width  with 
stone  or  gravel  shoulders  for  macadam  construction  on  secondary 
roads  (Class  11)  and  the  18'  width  for  rigid  pavements  on  the  Class 
I  Traffic  roads.     (For  Classification  of  Traffic,  see  page  164.) 

There  are  two  ways  of  approaching  the  problem.  The  first 
is  to  build  the  strong  metaling  just  wide  enough  to  comfortable 
take  the  heavy  traffic  and  if  the  natural  shoulder  material  is  not 
suitable  treat  the  shoulders  to  a  width  of  from  16'  to  22'  with  gravel, 
crusher  run  or  23^"  stone  filled  and  rolled  or  if  desired  puddled 
or  tarred  making  them  suitable  and  wide  enough  for  the  turn  out 
traffic.  Referring  to  the  widths  actually  used  by  hard  traffic 
previously  discussed  this  method  results  in  the  12'  and  15'  widths. 
The  second  way  is  to  make  the  full  depth  of  metaling  just  wide 
enough  to  allow  traffic  to  pass  by  careiul  driving  not  giving  the 
shoulders  any  special  treatment.  This  method  results  in  the  14' 
width  on  unimportant  roads.  The  16'  width  is  harder  to  justify 
as  on  the  main  roads  it  is  wider  than  necessary  for  heavy  travel 
and  too  narrow  for  automobile  "turn  out  traffic."  Where  rigid 
pavements  are  needed  18'  is  the  minimum  width  recommended  as 
dangerous  ruts  develop  along  the  edges  where  the  15'  or  16'  width 
is  used  and  even  with  careful  maintenance  this  condition  can  not 
be  avoided  under  heavy  truck  traffic. 

While  shoulder  treatment  is  desirable  on  the  main  traveled 
roads  its  importance  on  side  roads  should  not  be  overestimated. 
A  record  of  a  trip  from  Albany  to  Binghampton,  New  York,  showed 
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that  rigs  were  passed  on  an  average  once  every  4  miles  outside  of 
villages.  From  this  it  would  seem  that  for  secondary  roads  of  this 
character  shoulder  treatment  is  not  worth  while  even  for  the  12' 
width  unless  particularly  bad  soil  conditions  are  encountered. 
Where  the  10  width  is  used  solid  turnouts  should  be  provided 
at  frequent  intervals  to  allow  heavily  loaded  vehicles  to  pass. 

In  the  writer's  opinion  10'  or  12'  should  be  used  in  preference 
to  14'  on  side  roads  where  the  shoulder  material  is  good  or  where 
gravel  is  cheap  or  local  crushed  stone  is  used  in  construction  making 
it  possible  to  obtain  a  cheap  crusher  run  and  that  14'  should  be 
used  where  the  shoulder  material  is  poor  and  where  gravel  or  imported 
stone  is  costly.  On  the  main  roads  a  15'  macadam  is  as  satisfactory 
as  the  16'  width  and  is  cheaper  under  all  conditions  as  the  16'  width 
does  not  overcome  the  necessity  for  a  good  shoulder.  Where  rigid 
pavements  are  required  18'  is  the  minimum  width  that  wiU  give 
satisfaction  on  double  track  roads. 

Examples  of  t3rpical  stone  distribution  and  grading  widths 
are  given  below  and  plates  showing  current  practice  in  different 
psLTts  of  the  United  States  follow. 

Examples  of  Typical  Sections. — The  following  sketches  show  a 
number  of  variations  in  grading  shapes  and  stone  widths  and 
distribution  for  bituminous  macadams  which  are  applicable  to 
special  conditions. 
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Pig.  7. — Bituminous  macadam. 


&izry9f,  ifZor  03 Stone 
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Shoulder  treatment. 


.'[^rt  Shoulders 
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No  shoulder  treatment. 


Figures  7,  7A  and  7B  show  the  stone  distribution  with  and  with- 
out shoulder  treatment  for  secondary  and  main  roads. 

Figure  8  shows  a  good  typical  grading  section  for  ordinary 
conditions  on  a  main  road. 

Figure  9  shows  a  typical  grading  section  where  a  small  amount 
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of  water  is  e^qpected.  If  for  any  reason  it  is  not  practicable  to 
cut  into  the  hill  beyond  a  certain  depth  and  more  dirt  is  needed  for 
fill  iJban  is  given  by  the  26'  section  at  this  depth  the  shoulders  can 
be  widened,  provided  the  tops  of  the  slopes  keep  within  the  right- 
of-way.  It  is  always  best  to  use  as  shallow  a  ditch  as  possible  as 
it  simplifies  the  construction  and  maintenance  of  entrances  to 
the  abutting  properties. 
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Pig.  8. — Bituminous  macadam. 
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Fig.  II. 

Figure  10  gives  a  section  showing  the  variations  in  £dl.  A  slope 
of  i"  to  i'  beyond  the  22'  width  is  used  on  shallow  fills.  An 
embankment  slope  of  4  to  i  is  used  for  ordinary  fills  up  to  7'  depth; 
beyond  a  7'  depth  it  is  cheaper  to  erect  and  maintain  guard  rafl 
using  a  I  ^  to  I  embankment  slope.  The  cost  of  guard  rail  is  taken 
up  under  Minor  Points. 

The  section  shown  in  Figure  11  is  used  for  unusually  heavy  cuts 
to  keep  the  excavation  as  low  as  possible.    If  used  on  a  sharp 
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curve  it  should  be  widened,  "banked"  and  "Daylighted**  as  in- 
dicated in  Figures  12  and  4  to  increase  safety  of  traffic. 

Figure  12  shows  a  section  well  suited  for  sharp  curves.  The 
slope  of  5i"  to  I '  is  not  objectionable  for  slow  traffic  on  macadam 
and  makes  easier  riding  for  rapidly  moving  vehicles;  it  also  decreases 
maintenance  cost  on  macadam  construction  on  sharp  curves.  The 
macadam  should  be  widened  on  the  inside  of  the  curve  as  shown  in 


••••• 3'6''*r~ "  /i''"*^""**""**! 

Fig.  12. — Banked  section  in  excavation. 


Figure  12  A.  The  superelevation  on  the  curve  is  obtained  by 
gradually  raising  the  outside  edge;  the  center  line  elevation  and 
inner  edge  remain  normal.  The  full  superelevation  is  carried 
around  the  entire  length  of  the  curve  from  rC  to  PT  and  reduced 
to  the  nonnal  crown  at  about  150  feet  away  from  the  curve  ends. 
Variation  in  superelevation  for  curves  of  different  radii  is  a  useless 
refinement  ana  good  practice  rarely  adopts  superelevation  for 
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Pig.  13. 


radii  greater  than  800'.  The  maximum  superelevation  is  generally 
used  for  all  curves  of  500'  radii  or  less  and  is  considered  to  be  limited 
to  i"  per  i'  for  macadams  and  ^"  per  foot  for  rigid  pavements. 
The  author  prefers  Jii"  to  i'  and  J^"  to  i'  for  these  types. 

Figure  13  is  a  satisfactory  village  section  and  by  the  use  of  a 
variable  width  will  fit  conditions  on  most  streets. 

The  preceding  discussion  attempts  to  cover  only  the  main  points 
for  every  road  presents  local  conditions  peculiar  to  itself  that  re- 
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quire  special  solutions.    However,  if  the  Engineer  keeps  these 
points  in  mind  he  will  make  an  economical  and  appropriate  design. 
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Fig.  14. — Bituminous  macadam  tracks  on  side. 
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Fig.  15. — Village  section.  Combined  brick  and  macadam  section 
in  front  of  stores,  where  horses  will  be  hitched  close  to  the  curb. 
Prevents  pawing  up  the  macadam. 

PLATES 

The  following  plates  show  current  practice  in  standard  hard 
surfaced  road  sections  and  serve  to  strengthen  the  points  brought 
out  in  the  discussion  although  they  may  not  comply  with  all  the 
desirable  requirements. 


Plate  i.- 
Plate  2.- 
Plate  3.- 
Plate  4.- 
Plate  S.- 
Plate 6.- 
Plate  7.- 
Plate  S.- 
Plate Q.- 
Plate 10. 


—New  York. 

—California. 

-Massachusetts. 

—Maine. 

—Wyoming. 

—Washington. 

—New  Jersey. 

— W.  Virginia. 

—Iowa. 

— ^Pennsylvania. 
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Plate  i. — New  York  State  1915  Standards. 
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SECTIONS 


Plate  2. —  California  Standards. 
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Ig  Asphaltic  Concrete. 
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Type  D. 


Cotl-IStof^ 
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Plate  3. —  Massachusetts  Standards. 
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Plate  3. — {Continued) 
one  foot  from  Edfo  ofEmbcmkmont  feral/  HMht. 


Large  Stone  atdottom^maU 
SfoneancfOmve/at  up. 


f^'Halve  together  over  fbsis 


i'O^' -4*1^^^^'    -.--4*—  8'0' i\ 


I 


\m7. 


u 


I 


I 
I 


J 


'i':.         Viol-        g'..        A' 
9Z:".  ^tr'^". 


-*-  /S'O' 


i  --a 


Condition  No.  i. — See  note  below. 

Trap  Rock — ^Lower  course.  No.  i  stone,  24  tons;  screenings  for  binder, 
tons.     Upper  course.  No.  2  stone,  16  tons. 

Local  Stoned-Lower  course.  No.  i  stone,  22  tons;  screenings  for  binder, 
tons.     Upper  course.  No.  2  stone,  14  tons. 

Condition  No.  2. — See  note  below. 

Trap  Rock— Lower  course.  No.  i  stone,  24  tons 
stone,  16  tons;  screenings  for  binder,  7  tons. 

Local  Stone — ^Lower  course.  No.  i  stone,  22  tons, 
stone,  14  tons;  screenings  for  binder,  7  tons. 

Total  tonnage  per  100':  Trap,  47*.  Local,  43. 

NoTR. — For  both  penetration  metnoda— -grouting  or  the  modified  Gladwell 
method — there  shotud  be  two  applications  of  asphaltic  oil,  each  f^  gaL  per 
sq.  yd.  There  may  be  also  a  third  application  of  ^1  gal.  per  so.  yd.  for 
surface  finish.  For  surface  treatment  there  should  oe  one  application  of 
H  SbX.  of  oil  per  sq.  yd.  or  two  applications  of  ^  gal.  each  per  sq.  yd«  on  the 
finished  surface  of  the  roadway. 


Upper  course.  No   2 
Upper  course.  No.  2 


-•••»•••■  fff  0 


r 


Condition  No.  i. 

Trap  Rock — ^Lower  course,  No.  i  stone,  19  tons;  screenings  for  binder, 
tons.     Upper  course.  No.  2  stone,  17  tons. 

Local  stone — ^Lower  course,  No.  i  stone,  17  tons;  screenings  for  binder, 
tons.     Upper  course,  No.  2  stone,  15  tons. 

Total  tonnage  per  100^:  Trap,  39;  Local,  3$. 

Condition  No.  2. 

Trap  Rock — Lower  course,  No.  i  stone,  19  tons, 
stone,  17  tons;  screenings  for  binder,  6  tons. 

Local  Stone — ^Lower  course.  No.  z  stone,  17  tons, 
stone,  15  tons;  screenings  for  binder,  6  tons. 

Total  tonnage  i>er  100':  Trap,  42;  Local,  38. 

Note.— Condition   No.   i:   Bituminous  Treatment — Penetration — ^lower 
course  bound  with  stone  screenings  or  sand. 

Condition  No.  2:  Bituminous  Treatment — Surface  Spraying— screenings 
of  sand  binder  in  upper  course. 


Upper  course.  No. 
Upper  course.  No. 


TYPICAL  SECTIONS 
Plate  4. — Maine.  Standard  Sections. 
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Plate.  4. — (Continued) 
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Plate  5. — ^Wyoming  Sections. 
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Plate  6. — State  of  Washington  Typical  Sections. 
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Plate  6. — {Continued) 
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Plate  7. — (Continued) 
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Plate  9. — Iowa  Typical  Sections. 
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Plate    io. — State    of    Pennsylvania    Typical    Sections. 
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Mountain  Road  Sections. 

Disctsasiofi. — The  desirable  requirements  for  mountain  road 
sections  are  the  same  as  for  the  roads  previously  discussed  but  on 
steep  sidehill  work  the  width  of  grading  used  for  ordinary  topog- 
raphy ^would  be  prohibitive  in  cost.  As  most  of  these  roads  are 
natural  soil  roads  the  crown«is  the  only  element  of  the  section  not 
covered  in  the  previous  discussion.  For  the  gravel  or  stony 
material  usually  encountered  Ji"  to  i'  is  generally  satisfactory. 
For  sand  or  heavy  soils  i"  to  i'  is  better  practice.  The  old  idea 
that  crown  should  be  increased  on  steep  grades  has  been  abandoned 
for  while  that  expedient  undoubtedly  helped  the  drainage  it  caused 
more  inconvenience  to  traffic  than  it  was  worth.  In  many  cases 
present  practice  decreases  the  crown  on  steep  grades  to  give  better 
vehicle  control.  Crowns  on  mountain  roads  i^re  also  affected 
by  the  absence  of  guard  rail  or  other  safety  provisions.  The  ordi- 
nary S3anmetrical  crown  is  used  where  wall  or  guard  rail  protects 


Symme+riCQ.I  Crown 

with  ©uard  Ron ,  ^'''\     On«  Wby  crown  No 

OuQrel  Rail. 

Fig.  16. 

the  dangerous  outside  slope  but  on  many  roads  so  much  rail  would 
be  needed  that  it  is  prohibitive  in  cost  and  where  it  can  not  be  used 
the  road  is  tipped  one  way  in  a  continuous  slant  toward  the  hiU 
80  that  if  a  machine  skids  it  will  slide  in  against  the  cut  dope. 
This  kind  of  a  section  is  not  as  comfortable  to  ride  as  the  ordinary 
crown  but  if  the  surface  is  at  all  greasy  the  element  of  increased 
safety  outweighs  ariy  minor  inconvenience  of  side  tilt. 

The  width  of  section  has  more  effect  on  cost  than  any  other  part 
of  the  design.  On  a  new  side  hill  location  the  relation  of  width  to 
cost  can  be  roughly  established.  It  will  of  course  vary  for  different 
side  slopes  of  the  hill  and  different  cut  slopes  of  the  excavation  but 
the  relation  will  be  approximately  as  follows,  for  balanced  sections 
(Table  25,  page  285). 

Assumed  25°  sidehill  slope    i  :  i  slope  in  cut 

I K  •  I  slope  in  fill 

(S-  8)  10'  width  (ditch  to  outside  of  shoulder)     4.300  cu.  yd.  per  mile. 
(S-io)  12'      ••          "      ••        "       "         "              6^100   ••     "      "      •• 
(S-14)  16'      ••  10,200 *• 


(S-i^)  18' '  "  12.800 

(S-I8)  30'      *•  "      *:       V       ••  «•  15,409 
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We  may  say  that  in  general  a  20'  width  requires  about  sM 
times  as  much  excavation  as  a  10'  width.  The  relative  cost  .of 
different  widths  is  also  affected  by  the  amount  of  rock  ezca^ration 
which  is  generally  much  greater  for  the  wider  widths.  This 
depends  on  the  depth  of  soil  overi3ang  the  rock.  This  element 
affects  the  cost  so  much  that  in  certain  cases  it  has  been  found 
cheaper  to  buUd  two  separate  singte  track  roads  for  short  dis- 
tances rather  than  one  double  track  highway. 


Pig.  17. 


CASE  NO.  I. 


All 


"in  Solid" 


CA&E  2. 
ftjrtCu-h-  Part  Fill. 


Mountain  roads  are  classed  roughly  as  double  track  or  single 
track,  meaning  the  same  as  for  railroad  work,  a  double  line  of 
traffic  or  a  single  line  with  turnouts  to  allow  passing.  As  each 
foot  of  extra  width  is  costly  it  is  important  to  determine  the  mini- 
mum width  of  grading  that  will  serve  the  purpose  for  these  two 
classifications. 

Minimum  Width  Sidehill  Section.— If  the  roadbed  is  benched 
out  of  solid  rock  a  narrower  width  will  serve  as  the  entire  width  is 


\ 


SIDE  HILL  SECTIONS 


6S 


firm  and  stable.  If  the  section  is  a  balanced  section  part  in  cut 
and  part  in  fill  it  must  be  wider  as  embankments  on  steep  slopes 
are  liable  to  settle,  slide  or  washout  and  it  is  not  safe  to  drive  as 
closely  to  the  edge  as  in  the  first  case.  The  amount  of  the  road  "  in 
solid"  is  therefore  the  prime  requisite  and '' — ^ft.  in  solid "  is  often 
used  as  the  specification  for  contract  road  jobs  where  engineering 
design  is  not  used.  Present  practice  favors  a  minimum  single  track, 
total  grading  width  of  lo'  in  rock  or  where  the  outer  embankment  is 
sustained  by  a  retaining  wall  and  a  total  width  of  1 2'  for  the  ordinary 
balanced  section  in  earth.  Balanced  sections  are  generally  used  up 
to  30°  side  slopes  and  beyond  that  toe  walls  or  retaining  walls  are 
necessanr  for  earth  sections.  For  a  30''  side  slope  a  total  grading 
width  of  12'  results  in  approx.  7'  to  8' in  solid  cut.    A  double  track 


Ivh — 7-->k — 5/. 
*        Ski.659*22 

et.  5344.5 

Double  Track  Road 


QuatdRait 


euanlfhff 


.     •*-■//- — >, 

I  5/9.659*22         I 
O.S34<5 

Single  Track  Rood 


Fig.  18. 


section  requires  a  minimum  total  grading  width  of  14'  in  rock  or  wall 
sections  and  16'  in  balanced  earth  section  which  gives  approx.  10' 
in  solid.  These  same  limiting  widths  apply  to  turnout  sections 
on  single  track  roads.  Where  guard  rail  is  used  i  ft.  should  be  added 
to  these  widths. 

TURNOUTS 

On  single  track  roads  turnouts  are  constructed  at  sufficiently 
frequent  intervids  so  that  drivers  can  see  between  them  and  there 
wHl  be  no  danger  of  meeting  at  impassable  spots.  This  generally 
requires  fiom  5  to  10  to  the  mile.  The  minimum  satisfactory  length 
of  turnout  is  about  60  ft.  and  the  grade  should  be  as  easy  as  possible 
at  these  points. 
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Fill  Sections. — Through  fill  sections  must  be  constructed  wider 
than  sidehill  sections  as  the  sides  are  bound  to  slough  off  under 
weather  action  and  all  the  elements  of  wear  tend  to  decrease  the 
width;  14'  is  considered  the  minimum  width  for  a  single  track 
road  and  20'  the  minimum  for  a  double  track.  A  synunetrical 
crown  is  advisable  on  fills  even  on  curves.  Where  guard  rail  is 
used  increase  these  widths  2'.  These  sections  occur  on  only  a  small 
per  cent,  of  the  length  of  mountain  roads. 

Throiigh  Cut  Sections. — These  sections  are  rare  in  occurrence; 
the  minimum  width,  ditch  to  ditch,  for  single  track  roads  can  be 
considered  as  12'  and  for  double  track  18'.  The  use  of  minimum 
widths  for  either  through  cut  or  fill  sections  on  mountain  roads 
has  small  effect  on  cost  and  for  that  reason  more  liberality  in  their 
widths  is  allowable. 

Turnpike  Sections. — Where  the  natural  ground  cross  slope  is  less 
than  5  tumpiking  is  the  usual  construction  and  the  difference 
in  cost  of  a  single  or  double  track  is  so  small  that  it  is  not  worth 
considering.  For  this  class  of  section  a  minimum  of  22'  between 
ditches  will  apply  to  any  road  and  a  width  of  24'  is  generally  used. 

Selection  of  Section. — Plate  No.  11  illustrates  typical  mountain 
road  sections. 

The  turnpike  section  is  used  up  to  side  slopes  of  s**  for  continuous 
balanced  work. 

The  sidehill  sections  are  used  above  5°  for  continuous  balanced 
work.  The  one  way  crown  is  used  on  all  single  track  sidehill  sec- 
tions where  guard  rail  is  lacking.  The  one  way  crown  is  used  on 
unprotected  double  track  roads  where  the  side  slope  is  greater 
than  15**.  The  symmetrical  crown  is  used  on  protected  double 
track  roads  and  on  unprotected  sections  where  the  side  slope  is  less 
than  15°. 

Through  cut  and  fill  sections  are  used  where  required  by  the 
profile. 

Superelevation  is  used  on  curves  in  cut  but  rarely  on  high 
through  hills.  The  ditch  on  the  upper  side  of  a  superelevated 
through  cut  section  can  be  omitted  if  the  cut  i&  short. 

Cut  and  fill  slopes  depend  on  the  natural  material  and  climate 
and  were  discussed  on  page  40.  There  is  too  much  tendency 
to  use  steep  slopes  to  save  on  construction  cost  although  excessively 
flat  slopes  are  not  necessary  or  advised  it  being  cheaper  to  take  care 
of  minor  slides  by  maintenance.  (For  effect  of  cut  slopes  see  Table 
25,  page  285.) 

Wall  Sections. — These  sections  are  used  where  the  natural  hill 
slope  is  practically  as  steep  or  steeper  than  the  stable  embankment 
slope.  Toe  or  retaining  walls  are  necessary  for  earth  embankments 
where  the  natural  slopes  exceeds  approx.  30**  and  for  rock  fills  where 
the  natural  slope  exceeds  approx.  40**.  Wall  details  are  described  in 
Chapters  VIII  and  X.  Surcharged  breast  walls  are  to  be  avoided 
if  possible. 

Intercepting  Ditches. — Where  considerable  water  runs  down  the 
uphill  slope  intercepting  ditches  are  used  to  protect  the  cut  slope 
and  relieve  the  road  ditch  of  excess  water.    These  ditches  discharge 


INTERCEPTING  DITCHES 


67 


to  the  nearest  cross  culvert  and  are  an  important  part  of  the 
design. 


Irrftrcepf/na 
Di-Mt 


Bench  Sections. — Bench  sections  are  used  in  rock  ledge  work. 
(See  Sections  S-io,  Plate  11,  and  Table  No.  25,  page  294.) 

Stunmaiy  of  Sections. — The  entire  problem  of  sections  may  be 
summed  up  as  the  determination  of  the  minimum  widths  of 
grading  and  hard  surface  that  will  serve  traffic  and  drainage  require- 
ments. As  a  general  rule  current  practice  handles  this  part  of*  the 
design  well  with  the  exception  of  ditches  which  are  often  needlessly 
deep  and  dangerous  and  generally  fail  to  regulate  ground  water 
which  is  the  only  excuse  for  their  use.  The  use  of  road  ditches  for 
farm  drainage  is  poor  policy.  Any  system  of  special  farm  drainage 
should  be  separated  from  the  road  design  except  in  the  matter  of 
culvert  elevation. 
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Plate  h. — Mountain  Roads. 


Tijpical  Supcr-Elovcrf-cd  Sections  on  Curvea. 

/V«ver  ust  a  Supmn  E/everHd  Section  where  the  Inside 
of  the  Curve  is  on  a  Dangerous  Down  ward  Slope. 
Use  Super- e/evat/ons  oniyon  Curves  having  a  Radius 
Lessfhan  BOO-H:  Use  the  same  Super- Elevation  on  dOOfh 
\  Radius  Curves  as  on  100' Radius  Curves. 
The  Center  Line  Elevation  and  Portion  of  the  Section 
on  the  Inside  of  the  Curve  remains  Normal^  the  fhrtion 
of  the  Section  on  the  Outside  of  the  Curve  is  changed 
as  indicated  below. 
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Typical  Super^Eleva+ion 
In  Fill. 
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^  '^Standard  Depth 


Typical   Super-Elevation 
In  Cut. 
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Plate  ii. — {Continued) 
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Tt^pical  Turnpike  Section© 
Designated  T-dection. 
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Section  T-ie 
Crown^'t9f' 
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Section  T-16 
Crownjtor 


Crown  Etwvaf ion  i  7^* 


Sjection  T-20 
Crown^'to  l' 
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VNtfrt  Side  Shpta  lie  hetwee/t  SDea.ancfiSOeo 
I  use  o  Combination  of  5  and  ^  Sections,  usin^ 
\^  5  Sections  in  the  Cut  Side  and  i  F  Sections 
^onfften/iSider 


*Note: 
Use  Turnpilie  Sections  on  Slopes  up  to  5Deq. 
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Plate  ii. — (Conlinued) 


Tijpical  Through  FiUSeo+ion* 
De&ignoteol  F  Sec+ion». 

Mof9»   till  Slopes  l-'i  FfockFf Its. 

Is*/  Orel/nary  Earth, 
li'i  Spec/cr/  Cases. 

utilise  n^sfe  fxcavaf/or?  fry  Flaifemng 
Slopes  in  Fills . 
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Plate  ii. — (Continued) 


Ti^pical  Side  Hill  Sec+ions 
Notts       Designcr^d  S  Sec+ion&< 

(Use  these  Sechi'ons  on  t^  where  Side  Slope 
is  greater  thanlSDeg. 
On  Side  Slopes  betvfeen  SDeg  and  iSDeg.  use 
Tf/o-Wag  Crown,  except  in  Section  S-W. 

Frequent  Turnotrfwidenings  must  he 
used  with  this  Section. 
Section  $-8  is  the  Mini  mum  in  Rock. 
Section  SriO  is  the  Minimum  in  Earth, 


C,L  of  Crown 
elevation. 


'oiUe6rade 
J6^ 


Section  S- 16 
One-Way  Crown^"tdl' 
fHhereverShort  ffadius  Curves  are  necessarg  around  a  Spur  anditis 
impossible  to  see  ahead  well,  use  this  Section. 


72 


SECTIONS 


Plate  h. — {Continued) 


^V  Disinfegrafed  Rock. 
/:/  Boulders  artdEaH-h. 
k't  Large  Sandstone  Slabs 
^    andEarfh. 


Typical  Throu9h  Cu+  Sec+ionft. 
Oesi3 noted  C  6«ctione. 

Hote » 'Cu+  Slopes^  •  /  in  Rock 

'?  '  '  oH  Ordinary  Earfh 
/J'/  6pccial Soils 


t '  /  OneSfeep  Side  Hills  ffhtre  the  Use 
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WALL  SECTIONS 

PiATE  II. — {Continvtd) 


Typical  Wall  Seo+ion- 
DoublB  Traak  Road. 
Minimum  Wid+h. 
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CHAPTER  m 

DRAINAGE 

(i)  General  Discussion.     (2)  Culverts.    (3)  Small 
Bridges  and  Fords.     (4)  Underdrains. 

General  Discussion. — There  are  three  classes  of  drainage  prob- 
lems in  road  work;  cross  drainage;  longitudinal  drainage  and  sub- 
surface drainage.  Cross  drainage  includes  culverts,  bridges  and 
in  rare  cases  fords.  Longitudinal  drainage  includes  surface  ditches, 
ditch  protections  and  in  unusual  cases  storm  sewers  on  long  hills; 
and  sub-surface  structures  for  collecting  ground  water  cover  blind 
and  open  throat  porous  drains. 

This  chapter  deals  with  the  smaller  structures  only.  For  the 
theory  and  practice  of  reinforced  concrete,  masonry  or  steel  long 
span  bridges  the  reader  is  referred  to  the  standard  works  on  those 
subjects.  The  conditions  for  transverse  drainage  to  the  ditches 
were  given  in  Chapter  II  and  minimum  ditch  grades  were  referred 
to  on  page  29.  Ditch  protection  on  steep  grades,  storm  sewers, 
and  the  flow  of  water  in  ditches  will  be  covered  in  Chapter  VIII. 

Any  complete  drainage  scheme  protects  the  road  from  wash  and 
seepage,  which  requires  culverts  or  bridges  at  all  points  where  there 
is  a  natural  cross  drainage  of  accumulated  water  such  as  streams, 
swales,  established  drainage  or  irrigation  ditches,  etc.;  at  all  sags 
in  the  road  profile  and  on  long  grades  at  frequent  intervals  to  re- 
lieve the  road  ditches-  of  excess  water  and  prevent  washouts. 
The  spacing  between  these  ditch  relief  culverts  on  sidehill  locations 
depends  on  the  grade,  soil,  ditch  lining  and  width  of  section.  A 
narrow  10'  mountain  road  requires  more  relief  than  a  20'  road  in 
the  same  location  as  even  a  small  washout  will  put  the  narrow 
road  out  of  commission  while  a  moderately  bad  ditch  scour  will 
not  stop  traffic  in  the  second  case.  No  set  rules  on  spacing  can 
be  given  but  current  practice  favors  ditch  relief  culverts  on  8% 
grades  at  intervals  not  exceeding  300  feet  and  on  5%  grades  not 
exceeding  500  feet  unless  cobble  gutter  or  concrete  ditch  lining  is 
used  when  the  distance  can  be  materially  increased.  On  long  cut 
and  fill  hills  drop  inlets  into  storm  sewers  are  sometimes  necessary. 

Design. — Culvert  and  Bridge  design  considers  the  size  of  opening 
required  for  the  maximum  flow,  the  strength  necessary  to  carry 
traffic  or  to  hold  deep  fills;  the  width  of  roadway  and  the  type 
of  structure  most  suitable  to  the  requirements  of  topography, 
foundations  and  available  funds.  If  the  funds  are  limited  t)ie 
cheaper  types  may  be  used  but  all  necessary  structures  must  be 
built  not  only  to  protect  the  road  but  to  establish  a  reasonaUe 
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drainage  scheme  which  as  the  country  develops  is  recognized  and 
becomes  fixed  by  usage;  it  is  very  difficult  to  change  surface  drain* 
age  in  well  settled  districts  without  annojdng  and  expensive 
lawsuits. 

Size  of  Opening. — The  size  of  opening  is  usually  determined  by 
noting  the  size  of  the  old  structure  or,  if  none  exists,  the  size  of 
other  structures  over  the  same  stream  and  by  inquiries  of  neighbor- 
ing residents  or  the  road  commissioner  as  to  how  the  existing 
structure  has  handled  the  water  in  the  past.  As  a  general  rule  the 
size  of  opening  or  span  should  not  be  reduced  below  that  of  the 
present  structure  but  in  the  case  of  steel  bridges  that  have  been 
sold  to  town  boards  by  enterprising  bridge  companies  it  is  often 
found  that  the  span  is  needlessly  long.  The  evidence  of  existing 
structures  is  the  most  reliable  basis  of  design  but  the  conclusions 
should  be  checked  theoretiadly  and  for  small  drainage  areas  in 
villages  and  all  drainage  areas  affecting  new  locations  in  sparsely 
settled  districts  either  the  phjrsical  evidence  of  high  water  or  some 
maximum  run  off  formula  must  be  used.  Run  off  formulae  are 
based  on  the  rate  of  rainfall,  area  of  the  watershed,  topography 
and  soil.  The  rate  of  rainfall  varies  for  different  geographical 
locations  and  the  length  of  the  storm.  Reliable  information  for 
any  locality  can  be  obtained  from  the  weather  bureau.  Short 
storms  develop  the  greatest  intensity  and  produce  the  largest 
runoff  for  small  watersheds.  The  rates  reached  jy  these  storms 
should  be  considered  in  designing  ditch  relief  culverts  or  cross 
culverts  with  small  drainage  areas.  A  liberal  basis  for  these 
cases  is  the  5  or  10  minute  duration  rate  of  Table  13,  page  78. 
Table  14,  page  79,  illustrates  the  method.  Most  culvert  design 
is  based  on  a  24  hour  precipitation  as  illustrated  in  Table  16, 
page  82,  and  applies  to  watersheds  of  say  0.5  sq.  mi.  and  up. 
Streams  requiring  structures  of  over  10'  span  generally  produce 
physical  evidence  of  highwater  which  can  be  safely  used. 

Table  15,  page  80,  gives  the  size  of  opening  used  by  the  Santa 
Fe  Railroad;  Table  17,  page  83,  gives  the  size  of  opening  for  small 
culverts  used  by  the  New  York  Central.  Table  18,  page  83,  gives 
the  size  of  culvert  used  by  the  Iowa  Highway  Comnussion.  These 
tables  serve  to  illustrate  the  application  of  this  principle  of  design. 

Weather  bureau  records  show  maximum  24  hour  precipitations 
of  7.66  inches  at  Portland,  Oregon,  5.12  inches  at  Los  Angeles, 
California,  2.06  inches  at  £1  Paso,  Texas,  7.03  inches  at  Kansas 
City,  Afissouri,  9.40  inches  at  New  York  City  and  8.57  inches  at 
Savannidi,  Georgia.  These  rates  are  rarely  used  for  runoff  com- 
putations as  they  represent  extreme  cases  of  rare  occurrence. 
Good  practice  uses  a  24  hour  rate  of  from  4  to  6  inches.  Openings 
based  on  these  rates  where  the  culvert  will  handle  the  water  with- 
out quite  running  full  will  take  care  of  unusual  cases  by  the  forced 
discharge  due  to  the  formation  of  a  shallow  pond  on  the  up  stream 
side  of  the  road.  Table  No.  19,  page  84,  gives  the  normal  discharge 
of  small  culverts  laid  at  different  rates  of  grade.  To  illustrate  the 
use  of  tables  13  to  19  three  examples  will  be  given.  Suppose  water 
from  2   sq.    mi.  of  flat  farming  country  in  the  North  Atlantic 
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States  is  to  pass  through  a  culvert  having  a  natural  slope  of  0.5' 
to  the  hundred. 

Table  16  is  figured  for  a  a!'  rainfall  in  24  hours  which  is  reasonable 
for  this  section.  This  table  shows  a  runoff  of  334  second  ft.  for 
fiat  farm  land.  For  a  slope  of  0.5  ft.  per  100  taUe  19  shows  that  a 
S'  X  s'  culvert  will  carry  the  water.  . 

Suppose  we  have  steep  rocky  ground  of  say  200  acres  or  J^ 
sq.  mile  in  Oklahoma  and  a  culvert  slope  of  2'  per  100.  The 
best  data  is  the  Santa  Fe  table  No.  15  which  gives  an  opening  of 
51  sq.  ft.  at  10  ft.  per  second  or  a  run  off  of  510  second  feet. 
Table  19  shows  that  a  5'  X  4'  culvert  on  a  2%  grade  will  carry 
this  but  that  the  velocity  is  high  and  the  culvert  must  have  a  solid 
bottom  and  riprap  protection  at  both  ends.  Where  pipes  or  solid 
bottom  culverts  are  used  high  velocity  is  not  objectionable  but 
where  the  bridge  type  is  used  a  sufficiently  large  opening  to  keep 
the  velocity  down  to  10  ft.  per  second  or  less  is  advisable. 

Suppose  a  ditch  relief  culvert  drains  2  acres  in  the  cloudburst 
region  and  can  be.  laid  on  a  slope  of  3  ft.  in  a  hundred.  Use  last 
column  Table  14  which  gives  12  second  feet  which  from  Table 
19  gives  a  16"  pipe. 

Strength. — Dead  loads  are  readily  determined  but  reasonable 
live  loads  are  a  matter  of  judgment.  Many  of  the  states  limit  a 
vehicle  load  to  15  tons  on  improved  roads  without  special  permission 
but  loads  in  excess  of  this  occur  now  and  then.  The  old  cidverts 
and  bridges  on  our  roads  are  practically  without  exception  too 
light  for  modem  traffic.  Permanent  culverts  should  be  designed 
to  carry  the  dead  load  plus  a  20  ton  vehicle  load  with  25%  impact. 
Standard  culverts  shown  in  Plate  No.  15,  page  92^  seem  needlessly 
strong  but  small  concrete  culverts  are  generally  backfilled  and  used 
during  construction  before  they  develop  their  full  strength  and 
practical  considerations  require  the  excess  material.  A  design 
load  of  a  20  ton  vehicle  with  30%  impact  is  desirable  for  small 
permanent  solid  floor  bridges  of  10'  to  50'  span  and  this  loading 
is  often  used  for  even  timber  bridges  in  States  similar  to  Wyoming 
where  oil  development,  etc.,  requires  the  movement  of  heavy  ma- 
chinery, although  usually  where  timber  is  used  a  10  ton  live  load 
with  50%  impact  is  considered  good  practice  and  for  mountain 
roads  6  tons  will  usually  be  acceptable.  For  long  span  solid 
floor  steel  or  masonry  structures  a  live  load  of  150  pounds  per 
square  foot  plus  a  20  ton  vehicle  with  30%  impact  is  first  class 
modern  practice.    This  value  is  higher  than  generally  used. 

These  loadings  are  safe  for  military  purposes  as  the  following 
statement  of  Major  General  W.  M.  Black,  Chief  of  Engineers 
191 7  will  show. 

"Our  existing  ordinance  liable  to  accompany  a  field  army  will  have  its 
heaviest  representative  in  a  12-incfa  howitzer  weighing  about  37.000  lb., 
18,600  lb.  of  which  are  on  the  front  wheels.  The  base  or  distance  between 
the  front  and  rear  axles  is  18  ft.;  width  of  track  7  ft.  4  in.  width  of  tire  8 
inches;  width  of  tire  shoes  12  inches.  This  howitzer  is  drawn  by  a  75  H.  P. 
caterpillar  tractor  weighing  25,000  lb.  Comparison  with  the  largest  present 
day  commercial  truclra  shows  that  a  road  or  bridge  substantial  enough  for 
such  will  suffice  for  the  ordinance  load." 
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Table  No.  51,  page  561,  gives  the  safe  load  for  steel  I-beams. 

Table  No.  52,  page  563,  gives  the  safe  load  for  timber  beams. 

Table  No.  53,  page  564,  gives  the  safe  load  for  concrete  slabs. 

Table  No.  53 A,  page  565,  gives  the  effect  of  depth  of  fill  on  con- 
crete slabs. 

Table  No.  54,  page  566,  gives  the  safe  load  for  concrete  beams. 

Table  No.  55,  page  567,  gives  the  safe  load  for  timber  columns. 

'^dth  of  Bridges. — Culverts  are  made  long  enough  to  accommo- 
date the  normal  road  section.  There  is  nothing  more  unsightly  or 
dangerous  than  the  narrowing  of  the  normal  section  at  a  culvert. 
First-class  design  widens  the  section  at  culvert  locations  and  even 
with  minimum  head  room  uses  an  out-to-out  dimension  of  not  less 
than  30  feet.  This  same  rule  applies  to  short  span  permanent 
bridges  up  to  about  25'  span  which  on  high  type  road  improvements 
should  have  a  clear-  width  of  22'  between  parapets.  Above  25' 
spans  the  roadway  width  depends  largely  on  the  location  of  the 
structure  and  probable  traffic  but  for  most  main  roads  a  20'  clear 
roadway  is  satisfactory  for  permanent  structures  and  a  16'  roadway 
for  temporary  timber  structures.  Plates  No.  20  to  No.  30,  page  100 
to  124,  illustrate  current  practice. 

Type  of  Structure. — For  small  drainage  areas  some  form  of  pipe 
culvert  is  generally  used  which  will  be  discussed  in  more  detail 
under  Culverts. 

From  2'  to  5'  spans  the  box  culvert  t)rpe  is  popular. 

From  5'  to  20'  spans  the  slab  or  stringer  form  of  construction  is 
reasonable  except  under  deep  fills  where  the  semicircular  arch  is 
better  practice;  from  20'  to  50'  spans  Pony  Truss  or  Parapet  girder 
types  are  available  for  most  conditions  or  arches  where  the  founda- 
tion is  suitable.  Pony  Trusses  are  desirable  up  to  about  80' 
span  and  beyond  ^lat  the  through  Truss  type. 

The  following  list  illustrates  the  practice  of  the  Iowa  Highway 
Commission. 

1 .  Box  culverts  and  slab  bridges  2'  to  20'  span.  Not  economical  over  20' 
span. 

2.  Reinforced  concrete  arches  8'  to  100'  span.  Foundation  must  be 
excellent. 

3.  Pony  truss  steel  bridges  with  solid  concrete  floor  30'  to  80'  spans. 

4.  Reinforced  concrete  girders  20'  to  50'  span.  Very  economical  but 
require  careful  design  and  construction.     Not  economical  over  so'  span. 

In  the  matter  of  type  the  author  desires  to  emphasize  the  desira- 
bility of  simple  design  particularly  for  small  structures.  Mass 
concrete  for  sides  and  bottoms  is  preferable  to  thin  reinforced 
sections  (see  New  York  Standards,  page  92).  It  may  not  be  as 
scientific  or  theoretically  as  cheap  but  better  results  are  obtained 
with  the  usual  inspectors.  Road  commissioners  often  do  not  under- 
stand the  object  of  the  reinforcement  and  either  leave  it  out  alto- 
gether or  get  it  in  the  wrong  place.  For  large  structures  where  a 
competent  inspector  can  be  employed  this  objection  does  not  hold 
but  even  for  such  structure  mass  conci:ete  for  abutments,  retaining 
wall,  etc.,  is  to  be  preferred. 
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Tabix  No.  13. — Rates  op  Rainfall.    Short  Storms 

Short  storms  of  the  greatest  intensity  occur  as  cloud-bursts 
in  the  mountain  and  and  regions  between  the  Sierras  and  the 
foothills  of  the  Rockies.  The  intensities  of  these  storms  are  not 
well  recorded  but  partial  records  indicate  as  high  a  fall  as  11 
inches  in  one  hour.  For  these  regions  culverts  for  small  drainage 
areas  should  be  made  at  least  twice  as  large  as  for  eastern  or 
southern  conditions.     (See  last  column,  table  No.   14.) 

Maximum  intensity  of  Rainfall  for  different  periods  taken  from 
the  U.  S.  Weather  Bureau  Records.  Intensity  at  rate  of  inches 
per  hour. 


Location 


5  Minute 
Duration 


10  Minute 
Duration 


One  Hour 
Duration 


Atlanta,  Georgia. . . 

Boston,  Mass 

Chicago,  111 

Cleveland,  Ohio.. . 

Denver,  Colo 

Detroit,  Mich 

Duluth,  Minn 

Galveston,  Tex 

Jacksonville,  Fla.. 
Milwaukee,  Wis. . . 
Memphis,  Tenn... 
New  Orleans,  La. . 

Norfolk,  Va 

Omaha,  Neb 

Philaddphia,  Penn 

Savanah,  Geo 

St.  Louis,  Mo 

Washington,  D.  C. 


5  Sm. 

5-5  in. 

6.7  in. 

5 . 0  in. 

6.6  in. 

5-9  m. 

5 . 6  in. 

3-7  m. 

3 . 6  in. 

3-3  m. 

7.2m. 

6.0m. 

3.6  in. 

2.4m. 

6.5  in. 

5.6  in. 

7.4  m. 

7.1  m. 

7.8  in. 

4.2m. 

6 . 6  in. 

4.8  in. 

8.2  in. 

4.9  m. 

5 . 8  in. 

55  in. 

6 . 0  in. 

4.^  in. 

5.4  m. 

4.0  m. 

6 . 6  in. 

6.0  in. 

4 . 8  in. 

3.8  in. 

7.5  in. 

5 . 1  m. 

i-S  in- 

1.7  in. 

1.6  in. 

1.1  in. 

1.2  in. 
2.2  in. 
1.4  in. 
2 . 6  in. 

2 . 2  in. 

1.3  in- 
1.9  in. 

2.2  in. 

1 . 6  in. 

1 . 6  in. 

IS  in. 

2.2  in. 

2 . 3  in. 

1.8  in. 


RUNOFF 
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Table  14. — Maximum  Runoff.    Small  Watersheds 
Burkle-Ziegler,  Sewer  Formula 


Cubic  feet  per 
second  per  acre 
reaching  culvert. 


f  Av.   cu.  ft.   rainfall]        4/Av. 
-» CX  {.per  second  per  acre  }  X  \/ 

1   ^._.__^__..r__.r-t,     ,  \     _ 


1  duriuK  heaviest  fall,  j 


slope  of  ground  in 
feet  per  1000 


No.  of  acres  drained 


C  B  0.75  for  paved  streets  and  built  up  business  blocks. 
C  «=  0,62s  for  ordinary  city  streets. 
C  =  0.30  for  villages  with'  lawns  and  macadam  streets. 
Assumed  C  «  0.25  for  farming  country.     Notb. — This  value  is  high  from 

the  standpoint  of  sewer  design  but  culverts  are  short  and 

might  better  be  liberal  in  size. 

One  inch  of  rainfall  per  hour  equals  i  cu.  ft.  per  second  per  acre. 
Discharge  in  Cubic  Pbbt  pbr  Second 


Area 

in 
Acres 


Rate  of  Rainfall  4"  per  Hour 


Pall  s'  in  1000 


C"0.30 


C"0.2S 


Pall  20'  in  1000 


C-»o.30 


Pall  50'  in  1000 


C""0.2S  C  — 0.30 


C-0.2S 


**  Assumed 
Runoff  Steep 
Stony  Moun- 
tain Slopes 


Rainfall  8" 
per  Hour 


X 

3 
3 
4 
5 

6 

7 
8 

9 
10 

30 
30 
40 
SO 
60 

70 

80 

90 

100 

200 

300 
400 

.SOD 
600 
640 


1.8 

IS 

2.S 

2.1 

3.1 

2.7 

3.0 

as 

4.2 

3  5 

54 

4  5 

4.1 

3.4 

5-7 

4.8 

7.2 

6.0 

SO 

4.2 

7.2 

6.0 

90 

7.S 

6.0 

SO 

8.S 

7.1 

10.7 

8.9 

6.8 

57 

9.7 

8.1 

12.2 

10.3 

l-^ 

6.4 

10.9 

9.1 

13.7 

12.6 

8.S 

7.1 

12.0 

10. 0 

IS. I 

9.3 

7.8 

13.2 

II. 0 

16. s 

13.8 

10.  I 

8.4 

14-3 

11.9 

18.0 

IS.O 

16.9 

14. 1 

24.0 

20.0 

30.2 

25.2 

23.0 

19-2 

32. s 

27.1 

40.7 

33.9 

28.  s 

23.8 

40.3 

33.6 

SO. 9 

42.4 

33.6 

28.0 

47.7 

39.8 

60.0 

SO.o 

38.6 

32.2 

54.6 

4S.S 

68.7 

57. 3 

43.3 

36.1 

61.4 

SI  .2 

77-3 

64.4 

48.0 

40.0 

67.9 

S6.6 

85.2 

71.0 

52.4 

43.7 

73.9 

61.6 

93.1 

77.6 

56.7 

47.3 

80.2 

66.8 

100.8 

84.0 

9S.4 

79. S 

134.6 

112. 2 

169.7 

141. 4 

129. 0 

107.7 

182.9 

IS2.4 

229.7 

191. 4 

160.0 

133  6 

227.0 

189.2 

285.6 

238.0 

190.0 

158.0 

268.0 

223.  S 

336.6 

280.  s 

216.0 

180.0 

307.0 

256.0 

387.0 

322.8 

230.0 

♦192.0 

323.0 

269.0 

406.3 

338.6 

6 
12 
18 

28 

33 

38 
42 
46 
SO 

90 
120 
ISO 
180 
200 

22s 
250 

275 
300 

550 

750 

880 

980 

1,050 

1, 100 


♦  300  second  feet  by  Table  16. 
**  Based  on  Santa  Pe  Table  15. 


So 


DRAINAGE 


(0 

STOUini 

ca 

£ 

*   <d 

0) 

^a 

'Z^ 

'C      <« 

(0 

s^—  <* 

ci: 

©•d  w 

8 

s§§-< 

<: 

s  « 

99i\yi  ajBnbg 

Ul 

pauiBjQ  Bajy 

(0 

stomiil 

ca 

o 

» 

Is 

P4 

•scgr 

o 

c    « 

M 

5*—  <S 

o 

0*0  « 

H 

< 

S    M 

N 

6311  p^  dJBnbg 

• 

UI 

pduiBjQ  Bajy 

S«3 

(2h 

0) 

a 
t 

sionnil 

< 

1     rrt 

H 

2 

1^ 

•^  0 

< 

oi 

'C       to 

S^  c« 

to 

SI 

H 

<5 

s  w 

lJ 

9 

S3[ip^  dJBnbg 

H 

ni 

pduiBJQ  Bajy 

09 

1 

sioutni 

Ki 

L  eS 

of  Wate 
Sq.  Ft. 

^  0 

0^ 

•n    « 

S 

1 

Misso 
and 
Kans 
A 

.a 

8'Sij 

iH  a  s*-^ 

^•gc^S 

Q 

V  uuinioQ  }0  %08  asn  Jo^Baj-^s  P  ^sa^ 

V  uuin^oQ  p  %  09  9«n  jo:^b9j^s  jo  ^s«a 


NOOOV)OOv)Ov)V)u)V)OOOOOV)OiOV)iOO 

MMMHMMMMMMMMHMMMCINCIMCINCIC4 


Ov)OOOOOiOOOOi/)OOOOOOOOV}V)00 

OsOOMMM««Mf*)PO't>rt  too   l^  t^OO   ^  0«  O  O   M   M 
MMMMMHMMMMHMMMMMMMMMMnCI 


O  M  ^O  WON  <<tO  O00i/)OV>OV>0>00>OOU)00 


V  uuinioQ  JO  %  08  asn  jo)B9j:^g  p  ^ss^ 

V  uurTi]OQ  JO  %  09  asn  jo^Baa^g  jo  ^sBg 


Ok  fOO  O  ^«*J0»«0C«O  w  ^tO  0>0»«0»-««0«***)0  MOO  o 
O  «  fO  100  Os  M  ^  i^  Ot  C«  n^O  «  O  "♦00  M  i/»  Ov  «*J  10  Q\  « 
^^'t^'^^«oioi«  W)0  O  O  O  t*  »^  t^«  «  00  Ot  Ok  Oi  O 


ro  r*  O  CO  »/»«*)  ^  r*J<0  ^MMMOMOOtci/ji/jiflOOw) 
O  M  ro  'T 1000  O  fO  w»  c*  O  «  ^^  r>- 11  ^  r^  O  r')>0  Ok  «  t 
^^^^^^u»««>0  ws-O  "O  «0  >0  «0  t^  t^  t^oo  00  00  00  Ok  Ok 


c«  ^>0  00O>OO>OOV)Ov>OiiOOOOOOOOOOO 
'^^^'^«o>o«o<o  t^  1^00 00  OkOkO  M  M  fO'^'no  1^00  Ok 

V  uuinioQ  JO  %  og  asn  jo:i.Baj:jg  jo  ^sa^ 
Y  uuinioQ  JO  %  09  asn  jo:jBajig  jo  ^SBg 

000000000000000000000000 

>Hrtt>.OMMMMMeiPiei«Plf»>^^^  ^>0  >o  «   Ok  ^ 

OkOkOsOMf«rOrt  >o>0  t^oo  0»  O  «  ^O  00  O  «  ^O  »^  Ok 

MMMMMMMMMMC4t<ICiCiC«(<0(<0rOfOr0r9 

000000000000000000000000 

M^i^ooooooooooooooooMoi*-  woo 

OkOkOkOMWrOTt  iflO  t^oO  Ok  O  «  ^^  00  O  «  "*  >«  t^« 

MMHMMMMMMMnnciciMrorororofOro 


wiOWJOMweo^  w)0  t*oo  Ok  0  «  ^tO  00  0  «  ^O  00  0 

OO^Ok 

.    .    •MMMMMMMHHMNMMMNrprorororo^ 
000 

Y  uumioQ  JO  %  08  asn  jot^Baj^g  jo  %B9j^ 

Y  uuin]oo  JO  %  09  asn  jo^Baj^g  jo  t^sBa 

ooo>«ov>o»ooooooooooooooooo 

ci  ^0  t<>  Ok  0  c«  ro  lOkO  vjeioo^MOtikOO  rfoo  h  loeo 
MMMMHMroro^io  lOkO  xO  t*  t*  »*oo  «  00 

OOOV>Oi/>0«ftOOOOOOOOOOOOOOOO 

X*  ''to  l^  Ok  0  «  CO  u^O  lOMOO  TtMO  MOO  'WO  M  lOOO 

MMMMMnroro^v)  w»0  O  t*  «*  t*oo  eo  00 

M  «  po  t  ««0  1^00  0k0v)0ii/)0ii/)0V)0W)0>00v}0 
OOOOOOOOOMMMCirOfO^^W)  v)0  o  r»  t^oo 

• 

000000000000000000000000 


Vtiu 

nioo}o%ogosnjoiB8Jisjo 
uni03jo%ogasniojBOJisjo 

s^M 

IRillil 

i||||||L| 
||lpi||  * 

it 

4Ssj5iSs 

Jliiiil!l 
iiiii 

lljlll 

11! 

llJiill 

i 

1 

i 

1 

g 

1 

1 

1 

■s 

1 

1 

s 

i 

ii 
1° 

s 

Illllllllllll 

IIIHIjiIIIII 

illllllllllll 

v° 

mnioo  JO  !40DB5n™««sio 

iseg 

llilllllilffi 

HHEIHEIsai 

IllilllllSlil 

v 

3SM 

nin[03  p  %  09  K"  Jo,™is  Jo 

llllllilllHl 

llllfilllllll 

IsHIIISIIeSs 

njoQ  JO  %  OB  ssn  JO^BajJs  jo 
iJn|D3jo%O9  03nJOTBSJis!0 

IMIillisllll 

iilllilliil 

ga|as^sgs||| 

82 


DRAINAGE 


Table  i6. — Maximum  Runoff,  Dickens  Formula 
D  =  C\/M'  Runoff  expressed  in  second  feet. 


The  following  tabulation  is  for  a  24  hour  precipitation  of  4" 

rain  and  for  topography  similar  to  the  farming  sections  of  the 

Eastern  Atlantic  States.     For  6"  in  24  hours  correct  the  quanti- 

ties in  proportion  to  C  as  follows. 

4"Kainfall 

6"  Rainfall 

Flat  Country           Flat  C  =  200 

Country        C  =  300 

Rolling  Country  C  =  250          Rolling  Country  C  =  325 

Hilly  Country     C  =  300          Hilly  Country      C  =  350 

For  steep  stony  watersheds  and  a  6' 

''  rainfall  use  the  Oklahoma 

Column  of  Table  15. 

Area  in  Square  Mfles 

Flat  Conntiy 
C  aoo 

Rolling  Coimtiy 
C  250 

Hilly  Country 
C  300 

0.1=64  acres 

36 

45 

54 

0.2 

60 

75 

90 

0.3 

81 

lOI 

121 

04 

100 

125 

150 

0.S 

119 

149 

180 

0.6 

136 

170 

204 

0.7 

153 

191 

229 

0.8 

169 

211 

253 

0.9 

i8s 

231 

277 

1.0 

200 

250 

300 

2.0 

334 

417 

501 

3.0 

456 

570 

684 

4.0 

564 

705 

846 

S.O 

668 

835 

1002 

6.0 

764 

955 

1 146 

7.0 

860 

1075 

1290 

8.0 

950 

1188 

Z426 

9.0 

1038 

1297 

1556 

10.0 

1122 

1402 

1682 

20.0 

1890 

2362 

2834 

30.0 

2560 

3200 

3840 

40.6 

3180 

3975 

4770 

50-0 

3760 

4700 

5640 

60.0 

4310 

5400 

6480 

70.0 

4840 

6050 

7260 

80.0 

5360 

6700 

8040 

90.0 

5840 

7300 

8760 

100.0 

6320 

7900 

9480 

or  areas  under  o.i  square  mile,  see  Table  14. 


CULVERTS  83 

Table  17. — ^New  York  Central  and  Hudson  River  R.  R. 
Culverts  for  Small  Drainage  Areas. 


steep,  Rocky. 
—   Ground. 
Acres 

Flat  Cultivation, 

Long  Valley. 

Acres 

Size.     Diameter 
in  Inches 

Equivalent  Capacity. 
Pipes 

5 

10 

10' 

10 

20 

12" 

20 

40 

16" 

25 

50 

18' 

two  16"  pipes 

30 

60 

20" 

two  16' pipes 

45 

90 

24' 

two  18"  pipes 

70 

140 

30' 

two  24'  pipes 

no 

220 

36' 

two  30  '  pipes 

150 

300 

42' 

two  30"  pipes 

180 

360 

48' 

two  36'  pipes 

280 

560 

60" 

Note.  —  To  be  used  only  in  the  absence  of  more  reliable  infor- 

mation, particularly  existing  culverts  over  the  same  stream. 

TifflLE  18.    Culvert  Design.    Iowa  State  Highway 

Commission^ 


Size  of  Culvert 
Opening 

Maximum  Acres 

Minimum  Acres 

2'X      2' 

4;x  4; 

6'X    6' 

8'X    8' 

10'  X  10' 

70 

376 

1300 

2700 

5000 

28 

140 

520 

1120 

2000 

CULVERTS 

Engineers  do  not  differ  much  in  the  design  of  these  structures. 

For  high  type  roads  they  should  be  permanent;  should  be  large 
enough  to  taJ^e  the  flood  flow;  should  if  possible  be  self-cleaning; 
must  admit  of  being  cleaned  easily  and  as  previously  stated  must  be 
long  enough  to  accommodate  the  normal  width  of  road  section. 

For  low  type  roads  the  requirements  are  the  same  except  that 
temporary  or  semi-permanent  culverts  may  be  used  if  the  funds 
are  limited.    The  different  kinds  are  as  follows: 

Concrete  or  masonry  culverts Permanent 

Cast  iron  pipe  culverts " 

Double  strength  vitrified  clay  pipe Semi-permanent 

Ordinary  concrete  pipe  culverts "  " 

Corrugated  metal  pipe  culverts "  " 

Dry  rubber  masonry  culverts "  " 

Timber  and  log  culverts Temporary 
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OBSTRUCTIONS  TO  CULVERTS  8$ 

Cast  iron  pipe  or  concrete  box  culverts  are  generally  used  on 
high  class  improvements.  Corrugated  metal,  concrete  or  vitrified 
pipe  and  dry  masonry  on  low  class  improvements  and  timber  or 
log  culverts  in  mountain  road  work. 

For  moderate  sized  drainage  areas  the  culvert  opening  is  pro- 
portioned to  the  runoff  but  for  small  areas  the  size  is  determmed 
by  the  convenience  of  cleaning  rather  than  by  the  discharge  capacity. 
Where  sufficient  fall  can  be  obtained  to  make  the  culvert  self- 
cleaning,  a  12"  pipe  is  feasible  under  shallow  fills  but  where  the  flow 
is  sluggish,  nothing  less  than  a  16"  or  18"  pipe  will  serve  satisfacto- 
rily. Long  culverts  under  deep  fills  should  never  be  smaller  than 
2'  wide  and  3'  high  to  permit  cleaning  by  hand  if  necessary. 

The  self-cleansing  velocity  of  flow  for  sand  and  earth  particles 
is  about  one  foot  p>er  second;  for  coarse  gravel  about  three  feet 
per  second  (Ogden's  Sewer  Design,  page  134).  A  pipe  laid  on  a 
slope  that  gives  a  velocity  of  five  feet  per  second  when  flowing  one 
quarter  full  should  keep  clean.  This  requires  a  fall  of  approx.  two 
feet  per  hundred  for  a  1 2"  pipe  and  is  the  minimum  grade  at  which 
the  12"  size  should  be  used. 

It  is  our  opinion  that  a  culvert  should  have  the  same  slope  as  the 
stream  bed.  If  given  a  greater  slope  the  outlet  end  tends  to  clog 
and  if  a  lesser  the  inlet  end  will  plug.  It  is  unusual  for  culverts  to 
fill  badly  except  when  placed  at  the  foot  of  a  steep  hillside  where 
the  stream  velocity  is  naturally  reduced.  At  such  points  an  extra 
large  structure  should  be  designed  with  the  idea  of  providing  suffi- 
cient waterway  even  after  the  contraction  caused  by  this  settlement 
has  occurred.  Such  a  culvert  should  be  cleaned  after  each  freshet. 
The  use  of  paved  dips  in  the  roadway  at  such  points  in  place  of 
culverts  is  not  advised  as  they  are  dangerous  and  cause  accidents 
unless  very  gradual.  A  man  not  familiar  with  the  road  often 
loses  control  of  his  car.  Ditch  relief  culverts  on  grades  should  be 
laid  at  an  angle  of  about  45^  with  the  center  line  in  order  not  to 
retard  the  water  at  the  inlet  end. 

More  trouble  is  experienced  from  culverts  becoming  filled  with 
ice  due  to  alternate  freezing  and  thawing  weather.  This  is  par- 
ticularly true  of  small  culverts  draining  springs.  Culverts  as 
large  as  2  X  2  have  frozen  solid  in  this  manner  and  if 
this  condition  is  anticipated  the  size  should  be  regu- 
lated accordingly  or  trouble  will  be  experienced  dur- 
ing the  spring  break  up.  The  following  ingenious 
expedient  has  been  successfully  used  on  roads  where 
the  culverts  fill  with  ice  and  snow  during  the  winter. 
A  small  pipe  is  suspended  inside  of  the  normal  cul-  Fig.  19. 
vert.  In  the  fall  this  small  pipe  is  plugged  and  in  the 
spring  just  as  the  snow  begins  to  melt  the  plugs  are  removed  and 
tne  first  water  flowing  through  the  small  pipe  melts  the  ice  and  snow 
rapidly  for  the  entire  length  of  the  culvert  so  that  it  is  generally 
completely  free  to  handle  the  main  spring  runoff. 

Where  pipe  culverts  are  laid  on  steep  slopes  special  buttresses 
well  imbedded  in  the  hard  slope  should  be  provided  to  prevent 
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crawl  or  slip.    Well  built  head  walls  should  hold  up  to  say  12^ 
slope  and  beyond  that  extra  anchors  should  be  provided. 


Fig.  20. 

In  designing  culverts  under  side  roads,  the  length  must  be  great 
enough  to  provide  an  easy  turn  for  traflftc;  many  times  a  saving 


Mala     Road 


Macadam 


SkkCukinDHthLine  *- 
dideCylvertSet      I 


Backon^idtfhad 


Fig.  21. 

in  length  can  be  made  by  placing  the  culvert  a  short  distance  down 
the  side  road  as  shown  in  Figure  21. 


Skhtm/k 


Sidemiffi 


Fig.  22. 

Figure  No.  22  shows  a  form  of  culvert  often  used  in  village 
streets  where  deep  ditches  at  the  culvert  site  would  be  objectionable. 

While  vitrified  pipe  or  concrete  pipe  are  not  recommended  for 
cross  culverts  in  high-class  improvements  they  are  the  most  suitable 
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construction  for  ditch  drainage  under  driveways  etc.,  the  wooden 
boxes  built  by  some  departments  are  not  economical  which  is 
shown  in  the  following  estimate  of  relative  cost  of  small  unimportant 
culverts  given  by  A.  R.  Hirsch  in  Wisconsin  Road  Pamphlet  No.  4. 


Kind 

Size  of 
Opening 

Length 

First  Cost  and 

Maintenance  iot 

100  Yean 

3'  Hemlock  box  

Concrete  box    

15  in.  sq. 
15  in.  sq. 
18  in. 
18  in. 
18  in. 
18  in. 
18  in. 

20 
20' 

28' 

26' 

$252.00 
40.00 
3S-00 
41.00 
42.00 
166.00 
196.00 

Concrete  oioe  

Single  strength  V.  T.  P.  . 
Double  stroigth  V.  T.  P. . 
Cast-iron  Dine 

Corrugated  steel 

Relative  Cost  of  Culverts. — The  relative  cost  depends  largely  on 
the  location,  material  available  and  length  of  haul.  Hie  foUowing 
costs  are  approximately  correct  for  the  northeastern  states  during 
the  years  1912-1914. 

Table  21  gives  comparative  costs  for  permanent  culverts  and 
shows  that  cast  iron  is  generally  not  economical  over  18"  in  diam- 
eter.    Pipe  is  to  be  preferred  where  the  headroom  is  small. 

The  foUowing  list  shows  the  approximate  cost  per  ft.  of  vitrified 
and  corrugated  metal  pipe  culverts. 


12" 

IS" 

18" 

24" 

36" 

48" 

^trifled  pipe  culverts 
Corrugated  metal  cul- 
verts.  

$0.60 
1.25 

$0.90 
ISO 

$1.10 
.1.80 

$2.00 
2.75 

$3.75 
4.00 

$6.50 

Corrugated  metal  is  to  be  preferred  to  vitrified  tile  if  the  head- 
room is  small  as  it  is  not  as  likely  to  fail  imder  heavy  loads. 
Small  log  culverts  cost  approx.  as  follows: 


Size  of  Opening 
12"  X  18" 
12"  X  24" 
14"  X  36" 

-  24"  X  36" 


Approx.  Cost  per  Foot 

$1.30 
1.40 

1.60 

1.70 


The  difference  in  cost  between  corrugated  metal  and  log  culverts 
is  not  enough  to  warrant  the  use  of  small  lot  structures  except  in 
unusual  cases. 
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Plates  12,  13  and  14  show  standard  pipe  culverts. 

Plate  15  shows  first-class  simple  massive  box  culvert  design. 
This  is  as  satisfactory  a  type  as  there  is  in  use. 

Plates  16  and  17  show  good  examples  of  semicircular  and  circular 
culvert  practice. 

Plate  18  shows  the  combined,  masonry  and  concrete  type  which 
is  suitable  where  stone  is  plentiful  and  concrete  costly. 

Plate  19  shows  log  culverts  used  on  mountain  roads. 

The  shape  of  opening  for  small  concrete  culverts  should  permit 
the  use  of  collapsible  forms. 


Plate  12. — Cast  Iron  Pipe  Culvert.    New  York  State 

Standard. 


Plan. 


I  ^    2,  Hot  Less  than. 


^€i;jM-LessHtan.'  e;  Hot  Lsss  than'. 

Longitudinal  Secft'on. 


SMALL   SPAN  BRIDGES 

The  area  of  opening,  width,  live  loading  and  economical  type 
were  discussed  in  the  first  oC  the  chapter.  Most  ordinary  soils 
afford  satisfactory  foundations  for  small  span  bridges  but  piles 
must  be  used  for  muck  or  quicksand  and  are  advisable  if  much 
scour  is  anticipated  which  can  not  be  prevented  by  rip  rap  protec- 
tion. Pile  foundations  are  required  for  all  large  structures  where 
rock  foundations*  are  not  available  and  are  desirable  for  any  con- 
crete structure  over  30'  span. 

The  safe  foundation  load  on  various  soils  recommended  by  the 
"New  York  Building  Code"  and  "Baker's  Foundations"  are  as 
follows: 

New  York  Building  Code 

Soft  clay I  ton  per  square  foot 

Ordinary  sand  and  clay  in  layers,  wet  and 

springy 2  tons  "       "         " 

Loam,  day  or  fine  sand,  firm  and  dry. . .  3     "    "       "        " 
Dry  firm  coarse  sand,  stiff  gravel  or  hard 

clav  4     "     "        "         " 

(Continued  on  page  98-) 


METAL  CULVERTS 


...not  Ittaflian 


Longi+udinal  Seetio 


^ 

L_'l--J 

\f 

iwfMfNiant. 

V       T 

^ 

H 

[D 

/ 

"""t^noi-  f*M  fttan 

End    Elevation. 
TABLE  OF  PROPERTIES. 


Jlomrt- 

5.og. 

Copadty^L. 

Concrete 
Cu.Yiils. 

236 

0.02C 

B  xC 

E 

sT^ 

^ 

' 

"*wy,tfti»C 


LongHndintit  Setti  on .  Cn>u  itction. 


CONCRETE  CULVERTS 


93 


Plate  i6. — ^Massachusetts  Standard  for  Concrete  Arch 

Culverts. 
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Baker's  Foundations 

Rock  (poor) 5  tons  per  square  foot 

"      (solid  &  first  quality) 25    "  "        "  " 

Dry  clay 4    "  "        "  " 

Medium  dry  clay 2 ;  "  "        "         " 

Soft  clay I  ton  "       "         " 

Cemented  gravel 8  tons 

Compact  sand 4    "  " 

Clean  dry  sand 2    "  " 

Quick  sand  and  alluvial  soil 3^  ton  '' 
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(t  It 

It  tf 
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Where  piles  are  used  for  types  of  construction  where  slight 
settlement  is  not  objectionable  a  loading  of  from  10  to  15  tons  for  a 
sound  well  driven  pile  is  conservative  practice. 

The  safe  load  for  a  timber  pile  driven  with  a  gravity  hammer  can 
be  figured  from  the  following  simple  formula.  (Iowa  Bridge 
Specifications.) 

Safe  load  in  lb.  =  — ; — 

5  -h  I 

W  =  weight  of  hammer  in  lb. 
H  =  fall  in  feet 

5    =  average  penetration  in  inches  per  blow  for  the 
last  three  blows. 

Scour. — Scour  is  produced  in  different  soils  at  approximately 
the  following  stream  velocities. 

Sand 2  to  3      ft.  per  second 

Loam 2to3K"     "       " 

Firm  gravel 5  to  6      "     "       " 

Riprap  protection  reduces  scour.  According  to  Trautwine  a 
velocity  of  8  miles  per  hour  or  12'  per  second  will  not  derange 
quarry  rubber  stones  exceeding  }4  cu.  ft.  deposited  around  piers 
or  abutments.  If  the  natural  stream  velocity  is  not  over  10  ft. 
per  second  the  span  is  usually  regulated  so  that  the  velocity  under 
the  bridge  during  freshets  will  not  exceed  10'  per  second.  If  the 
natural  stream  velocity  of  flow  at  the  bridge  site  is  not  known  it 
can  be  approximated  roughly  for  small  streams  by  the  formula. 

Where    V  =  Velocity  of  flow  in  feet  per  second 

C  =  Constant  assumed  value  60 

-,       _-.    ,      ,.        ,.     Cross  sectional  area  of  flow 

R  =  Hydraulic  radius ...  ^,   , : — : 

Wetted  perimeter 

S  =  Slope  of  stream 

Example, — To  approximate  the  freshet  velocity  of  the  stream 
shown  having  a  fall  of  i.o'  per  100'  or  53  feet  per  mile. 
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V  =  cVrs 

C  =  60 

25 

I 
S  —  — ^  =  o.oi 
100 

r  =  60  •V^4  X  0.01  =  60  \^o.o4  =  60  X  0.2  =  12  ft.  per  secoDcL 

Where  much  ice  occurs  piers  in  small  streams  should  be  avoided. 
They  can  be  used  to  advantage  to  reduce  cost  however  if  there  is 
no  danger  of  ice  or  debris  jams  particularly  if  the  flow  is  sluggish 
and  in  the  latter  case  for  wide  shallow  streams  the  trestle  design  is 
economical. 

Paved  Fords. — For  wide  shallow  arroyos  of  the  arid  regions 
of  the  west  paved  fords  are  in  general  use.  These  channels 
only  carry  water  during  sudden  severe  storms  and  it  would  be 
practically  prohibitive  in  cost  to  provide  large  enough  structures 


»^^  Harking  fbsts. 


Fig.  2Z' — Paved  ford. 


to  carry  the  sudden  large  infrequent  flows.  The  road  across  an 
arroyo  is  kept  slightly  below  the  natural  elevation  of  the  wash  and 
is  paved  with  concrete,  cobblestone  or  timber  (see  sketch).  The 
alignment  is  straight  and  the  location  of  the  pavement  is  shown 
during  flood  by  4  marking  posts  2  at  each  end  which  also  indicate 
the  depth  of  water  so  that  it  can  be  used  even  if  covered  with  water 
unless  tJbe  depth  is  too  great  for  safety  which  can  be  determined 
by  the  gauges  on  the  range  posts.  As  the  concrete  is  below  the  bot- 
tom of  the  stream  no  scour  occurs  and  generally  a  thin  layer  of 
sand  is  deposited  on  the  concrete  which  can  be  easily  cleaned  off 
with  a  road  machine. 
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Plate  24. — (CotUinued) 

Dimensions  and  Quantities  por  Superstructure 

Capacity  is-Ton  Truck 


Panel 

Intermediate  Panel 

• 

Length 

Size 

of 

Joists 

Joists 

Floor 
Railing 
Details 

Total 
Lumber 

Bolts. 

Washers, 

Spikes. 

Nails 

Feet 

Inches 

Ft.  B.  M. 

Ft.  B.  M. 

Ft.  B.  M. 

Pounds 

10 

6X12 

590 

800 

1390 

80 

4X14 
6X12 

460 

840 

1300 

II 

650 

870 

1520 

90 

4X14 
6X12 

500 

920 

1420 

12 

700 

940 

1640 

90 

4X16 
8X12 

620 

990 

1610 

lOIO 

1020 

2030 

13 

6X14 

880 

1020 

1900 

90 

4X16 

670 

1070 

1740 

8X12 

1080 

1090 

2170 

14 

6X14 

950 

1090 

2040 
i860 

90 

4X16 

720 

1 140 

15 

8X12 

iiso 

1 1 70 

2320 

100 

6X14 

1010 

1170 

2180 

16 

10X12 

1530 

1240 

2770 

6X14 

1070 

1240 

2310 

100 

6X16 

1230 

1240 

2470 

17 

10X12 

1620 

1340 

2960 

8X14 
6X16 

iSio 

1340 

2850 

1 20 

1300 

1340 

2640 

18 

10X12 

1710 

1410 

3120 

8X14 
6X16 

1600 

1410 

3010 

130 

1370 

1410 

2780 

19 

10X12 

1800 

1490 

3290 

8X14 

1680 

1490 

3170 

130 

6X16 

1440 

1490 

2930 

20 

8X14 

1760 

1560     • 

3320 

130 

8X16 

2020 

1560 

3580 

21 

10X14 
8X16 

2310 

1640 

3950 

140 

2110 

1640 

3750 

22 

10X14 
8X16 

2410 

1710 

4120 

ISO 

2210 

1710 

3920 

PILE  TRESTLES 
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Plate  24. — (Continued) 
Capacity  io-Ton  Truck 


Panel 

Size 

Intermediate  Panel 

V^         M  A 

Length 

of 
Joists 

Joists 

Floor 
Railing 
Details 

Total 
Lumber 

Bolts. 

Washers. 

Spikes. 

Nails 

Feet 

Inches 

Ft.  B.  M. 

Ft.  B.-  M. 

Ft.  B.  M. 

Pounds 

10 

4X12 

400 

$40 

1040 

70 

3X14 

3SO 

680 

1030 

II 

4X12 

.    430 

700 

1130 

80 

22^4 

380 

740 
700 

1120     ■ 

12 

6Xia 

700 

1460 

80 

3X14 

410 

800 

1210 

X3 

6X12 

760 

810 

1S70 

80 

4X14 
6X12 

S90 

860 

1450 

14 

810 

870 

1680 

4X14 
4X16 
6X12 

630 

910 

IS40 

90 

720 

910 

1630 

IS 

860 

930 

1790 

^5'} 

670 

970 

1640 

90 

4X16 
6X12 

770 

970 

1740 

Id 

920 

990 

1910 

^5^1 

1070 

990 

2060 

xoo 

4x16 
6X12 

820 

1030 

1850 

17 

970 

1070 

2040 

6X14 

1130 

1070 

2200 

no 

i^^^ 

870 

mo 

1980 

18 

8X12 

1370 

1130 

2500 

^X'l 

1200 

1130 

2330 

120 

4X16 

910 

II 70 

2080 

19 

8X12 

1440 
1260 

1180 

2620 

6X14 
4X16 
8x12 

1180 

2440 

120 

960 

1220 

2180 

20 

15 10 

1240 

27  SO 

6X14 
6X16 

1320 

1240 

2560 

120 

I5IO 

1240 

27  SO 

21 

loX  12 

1980 

1300 

3280 

6X14 
6X16 

1390 

1300 

2690 

130 

1580 

1300 

2880 

22 

loX  12 

2070 

1360 

3430 

8X14 
6X16 

1930 

1360 

3290 

130 

1660 

1360 

3020 

23 

loX  12 

2160 

1420 

3S8o 

8X14 
6Xi6 

2020 

1420 

3440 

130 

1730 

1420 

31SO 

24 

10X12 

2250 

1470 

3720 

8X14 
6X16 

2100 

1470 

35  70 

130 

1800 

1470 

3270 

^              • 

25 

loX  14 

2730 

1560 

4290 

8X14 
6X16 

2180 

1560 

3740 

X50 

1870 

1560 

3430 

26 

10X14 
8X16 

2840 

1610 

4450 

160 

2600 

1610 

4210 

27 

10  X  14 
8X16 

2940 

1670 

4610 

160 

2690 

1670 

4360 

28 

10X14 
8X16 

3OSO 

1730 

4780 

160 

2780 

1730 

4510 

29 

10X14 

3ISO 

1790 

4940 

160 

8X16 

2880 

1790 

4670 

Washers  to  be  ogee  type  cast  iron  ^"  and  H"  bolts,  and  cut  wrought  iron 
or  iteel  pUte  washers  for  H"  bolte. 
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Plate  2/^,—{CofUinued) 
Dimensions  and  Quantities — Substructure 


Grade  to 
Ground 

Sway  Bracing — Intermediate  Bent 

Sets 

Length 

Lumber 

Bolts 

Feet 

No.  Reqd. 

Feet 

Ft.  B.  M. 

Pounds 

IO-I2 

12-15 
15-18 
18-23 
23-26 
One  cap  io"Xi2 

I 
I 

I 
2 

"Xi7'-0" 

18 
20 
22 
18  &  20 
20 

90 
100 
no 
190 
200 
170 

35 
35 
35 
60 
60 
10 

Grade  to  Ground 

Bulkhead— End  Bent 

Lumber 

Spikes 

Feet 

Ft.  B.  M. 

Pounds 

4 
5 

6 

7 
8 

270 
360 
460 
550 
640 

5 

5 

10 

10 

10 

FRAMED  TRESTLES 


^  _  FlooriitgS'Eile' 


&<**     EI«vil+<on. 


bi»^  It.   jF-ft, ^  "*^'     -I  "^     '^ 


/-r|     bcfdiaft^      »  »* 


eerrtaSonclS.  Bairts  3end4 

jwing  Road'Wiy-fnrSingla  Showing  RoodM3ufo.-Doubto 

TSiek  Crooning  1™=!.  Cnjoelnq 


CONCRETE  TRESTLES 


1 

1 

1 
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^ 
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R^sssg^Hig 

•. 

f 

^:;^^^S6S63S 

^^^^^^ 
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•%%%ss363353 
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<5 
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tS'SS'S 

h 
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um 
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s 

SSSKSS 

n  r  s 

M 

ddoed 

iiit 

ii 

S^ 

^ress 

^^"1= 

n 

^^^£i^ 

StUi 

="-"ll-|ss  1 

11 

^ 

^£^£ 

-liin 
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B 

s 

^ 

■§ 

II 1 

:  I 


Ip 
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DRAINAGE 
Plate  27. 


! 


End.E'evatioh. 

General  Dimensions  Semi-Cihcdlar  Arch  Cttivehts 


■^ 

Thu^aaa 

I  Spridsids 

Thid.n« 

oIRini 

Hdghlol 

HBunch 

Coomte 

6 

z'-6' 

2'-6' 

10* 

l'-9' 

a'-o' 

8 

j'-6' 

2'-6' 

a'-6' 

S'-^'' 

3'^' 

3'-o' 

3'-o' 

<■* 

3-^ 

14- 

3-6 

3-9; 

3-9; 

"5' 

>5 

4-0' 

16' 

4'-6' 

4'-6' 

18' 

S'-o' 

s'-6' 

_»£.. 

.  5'-o' 

S'-o' 

18' 

18' 

5'-6' 

6'-o' 

SLAB  BRIDGES 

Plate  38. — New  York  State  Slab  Bridges. 

Note 


Elavcrtion.  Sett  on  onCtnttrLine     hjckof  ■butmmt  into 


Dimensions  of  slabs  on  page  118. 
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DRAINAGE 
Plate  28. — {Continued) 


Span 

ThkknesBof 
Slab* 

Net  Area 

of 

Rods 

Spacing 
C-C 

Length  ' 
Dowds 

5 

8' 

0.25sq/' 

4i' 

•    12' 

6 

9" 

« 

4' 

« 

7 

10' 

o.39sq." 

Si- 

<« 

a 

'    10' 

<i 

Si' 

« 

9 

11' 

(( 

s' 

« 

10, 

12" 

(( 

4i' 

« 

II 

12" 

o.56sq." 

6i' 

(i 

12 

13' 

(i 

6' 

18' 

13 

13' 

11 

Si' 

i< 

14 

14' 

« 

si' 

(( 

IS 

14' 

u 

s' 

<l 

16  . 

15' 

it 

4i' 

li 

17 

15' 

tt 

4i' 

<l 

18 

16' 

<( 

4*' 

•< 

19 

17' 

(( 

4i' 

« 

20 

18' 

o.77sq." 

Si' 

(i 

21 

18' 

»' 

si' 

(* 

22 

•19' 

u 

s' 

»4' 

23 

19' 

it 

s' 

it 

24 

20' 

u 

4t' 

« 

25 

21*' 

Loosq." 

si' 

II 

For  Spans  s'  to  19'  W  -  18'  For  Clear  Height  10'  or  less 
"  "  5'  to  19'  W  -  24'  "  "  "  11'  to  is' 
"      "       20'  to  25'  W  -  24'         "      "         "      15'  or  less 

For  Qear  Height  7'  or  less  E  -  3'-  o*' 

"       8'  to  10'  E  -  4'-  o*' 

"       «       "       above  10'  E  -  5'-  o* 

*  Note. — The  thickness  of  slab  given  is  for  shallow  fills.     For 
the  effect  of  deep  fills  see  Table  53A,  page  565. 


STRINGER  BRIDGES 
Flats  29. — New  York  State  I  beam  Bridges 

iaandid  Ittnil  Embiddtd  in 
btanctiUfMCIini) 


^  th  ofOiharf 

y*   JF  ^^Dis^TTiefiv'nCufs.roOifriiaesfUmr- 

/  j^  ^rptfsvfr&nQLtoQof^itanlFoiIanilMfai- 

-'     ^     W^i/redonaUnearV/ghtAngm  iDCLofRBad- 

^na'^kefrffimeDiitmceb^-A^hT^ 

^alT^sfl-Beanii.,  ,'—'■ — "»— "■w-J-"* 

n'  lofnt/le'^efAbef^erjp 

A  and  Br  Defleitiim  of  wings  h  ii^rta. 

P' Length  inAbstment  MeasBffdahng  fbieof  ^ 

&kew  Colvtrr. 
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Table  No,  6 

.  -dumber  X-£eamft 
For  Concrete  Coven  only 

P-Lcngth  of  Abtttmenti 

• 

Length  of  Culv6it 

Spadag  . . 

^  7  • 

a'-d* 

a'-9» 

a'-o* 

IS*  Skew 

30*  Skew 

4»'Skew 

1 

l8 

5' 

5 

4 

18.64 

2a  79 

^5-46 

19 

5 

5 

5 

19.67 

21.94 

26.97     , 

20 

6 

5  " 

.     .5..  . 

iO.71 

«309 

^8.28   ! 

21 

6 

6 

5-   - 

21. .74 

24.25 

•29.70 

2? 

6 

6 

•5 

^2.78 

2540 

-31. II 

23 

'     7 

6 

6- 

23.81 

26.66 

32.53 

24 

7 

6 

6 

24.85 

27.71 

33'94 

25 

7 

7- 

6.. 

25.88  . 

28.87 

35.36 

26 

8 

8 

1. 

26.92 

30.02 

36.77 

27 

8 

8 

7. 

27.95 

31.18 

38.18 

28 

9 

8 

7 

28.99 

32.33 

3960 

29 

9 

:     8    - 

.-  8 

30.02 

33-49 

41.01 

30 

9 

.    9 

8 

3106 

34.64 

42.43 

31 

10 

9 

9 

32.09 

35.80 

43.84 

32 

10 

9 

9 

33.13 

36.95 

45.26 

33 

II 

10 

9 

34.16 

• 

38.10 

46.67 

_  1 

*• 


Application  of  Tables 

'  Quantities  for  a  30*  Skew  Concrete  Culvert,  concrete  top,  lengtli 
30  feet,  opening  13  teet  high  and  12  feet  wide.  From  Table  i,  ai 
opening  12.12  ft.  wide  30°  Skew  is  a  14-ft.  span  requiring  (see  30-ft. 
length,  Table  6)  9 1-Beams  spaced  a'-9'  c.  to  c.  (9  X  400)  *-  3600  IbsL 
I-Beams:  218  lbs.  Bai»;  400  -f  (5X16)  «  480  sq.  ft,  Ex*p'd  Metalj 
978  -4-  (s  X  30)  ■•  11.28  cu.  vds.  2d  class  Concrete  32  fin*  ft.  Pipfe 
Rail.  An  opening  13  ft.  high  will  require  Abutments,  16  ft*  hig^ 
(13'  4;  2'  in  ground  +  10'  I-Beam  «  15'- 10').  Froim  Table  4, 
Abutments**  118.0  cu.  yds.,  Wiijga™  102.9  cu.  yds,  (5  X4.79  *»  23.9K 
ai.  yds.  5  ft.  extra  length  ol  Tfulvert)  118.0  -f  102.9  H-  23.95  "f 
2144.85  Ol.  yds.  3d  Qass  Concrete.  j 

For  Spans  of  more  than  i  7  feet,  use  Masonry  Tables  for   Coni* 
Crete  Abutments  and  Wiiigs.  > 
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De^gn  used  by  Monroe  County,  New  York  Sute. 


UNDERDRAINS  1 25 

Underdrainage 

The  purpose  of  under  drains  on  hard  surfaced  roads  is  to  intercept 
the  ground  water  before  it  reaches  and  softens  the  sub-grade.  On 
a  sidehill  road  the  drain  is  usually  placed  under  the  ditch  on  the 
uphill  side  (see  Figure  No.  24,  position  No.  i)  where  the  greatest 


^    jkr^irectidn 
_  Lt-       cfSetpage 
POs/tionNo.i 


depth  can  be  obtained  with  the  least  excavation  and  where  the 
water  is  caught  as  it  flows  out  of  the  hill. 

Some  engineers  place  the  drain  in  position  No.  2  (Figure  24) 
but  this  requires  more  excavation  for  &e  same  depth  and  for  side 


m  -SI 


Open  Throat. 
PoiftionNo.2  vPoiMonNoJ       Po5ttionNo.Z 

Fig.  25. 

seepage  is  not  as  effective.    The  usual  depth  for  drains  is  three 
feet  below  the  surface. 

Where  the  road  is  on  a  descending  grade,  the  water  will  flow  out 
of  the  hill  directly  under  the  stone  and  the  drain  is  placed  as  in 

No.46tone\ 

No.  ZStoneorOfL . .. 

farmTilei  Joints     KI?""^ — Y^rOpenThroaf 
Wmppeci/nBuHap'"^'*  "10^ 

Fig.  26. 

Figure  25,  position  i,  or  two  drains  are  built  in  position  No.  2. 

Position  I  is  the  usual  practice,  being  cheaper  and  more  effective. 

The  argument  for  the  two  side  drains  is,  that  in  case  the  throat 

becomes  clogged,  a  side  drain  can  be  taken  up  without  disturbing 
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the  macadam.  This  rarely  occurs  in  a  center  drain,  as  it  is  better 
protected  than  those  in  position  2  and  in  case  the  center  drain  does 
dog,  side  drdns  can  be  constructed  at  any  time. 

ITiere  are  two  kinds  of  drain  in  general  use: 

No.  1  is  built  entirely  of  stone  with  an  open  throat  roughly 
laid  as  shown;  it  is  satisfactory  in  a  water-beanng  strata  of  gravely 


, 


loam  or  clan,  but  does  not  work  so  well  in  quicksand,  which  b 
liable  to  M  it  up.  It  is  generally  cheaper,  however,  than  No.  i. 
No.  1  is  built  of  porous  farm  tile  or  vitrified  tile  of  a  suitable 
size  (usually  3"  to  6")  with  open  joints,  wrapped  with  a  double 
or  triple  layer  of  burlap;  the  pipe  is  surrounded  and  covered  with 
dean  gravd  or  ^"  crudied  stone  to  a  depth  of  6",  the  remaining 
depth  of  the  trendi  bdng  filled  with  large  stone.  If  this  drain  hu 
a  good  fall  and  the  outlet  is  kept  free,  it  will  rarely  clog  erven  in 
bad  quicksand. 
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The  author  has  successfully  used  the  following  method  to  pre- 
vent the  outlet  from  clogging;  after  being  brought  out  from  under 
the  macadam,  the  drain  is  continued  under  and  across  the  ditch 
line,  then  keeping  outside  the  ditch  line,  and  using  a  slightly  smaller 
gradient  than  that  of  the  open  ditch,  the  tile  is  continued  down  the 
hill  until  it  reaches  a  point  eight  or  nine  indies  above  the  ditch 
grade.  Here  it  is  turned  into  the  open  ditch  through  a  small 
concrete  head-wall  and  what  little  material  it  tends  to  deposit  is 
washed  down  the  ditch  by  the  surface  water  (see  Figure-  27). 

Summary  of  Chapter. — The  present  bridge  situation  demands 
attention  as  even  in  the  richer  states  it  is  lagging  behind  the  im- 
provement of  the  roads.  The  separation  of  Bridge  and  Highway 
funds  and  the  lack  of  central  control  often  results  in  the  ridiculous 
situation  of  a  modem  road  limited  in  use  by  antiquated  bridges. 

Road  pavements  can  be  strengthened  from  year  to  year  by 
additions  in  thickness  and  the  construction  of  better  surfaces  on 
top  of  existing  improvements  but  structures  must  be  rebuilt  entire 
to  increase  their  strength  and  for  this  reason  more  foresight  in  re- 
gard to  future  traffic  must  be  exercised  in  their  design.  ^  A  liberal 
allowance  for  increased  loads  is  desirable.  Liberality  in  size  of 
waterway  for  culverts  is  also  good  policy  as  it  adds  only  slightly  to 
the  cost  and  materially  decreases  the  difficulties  of  maintenance. 

The  design  of  drainage  must  be  complete  and  reasonable  and  if 
the  existing  scheme  is  not  feasible  it  should  be  changed  regardless 
of  law-suits  as  whenever  an  improvement  is  made  it  is  always 
cheaper  to  correct  mistakes  at  that  time  than  it  will  be  at  a  later 
date  as  every  year's  use  fix  the  channels  more  firmlv. 

The  selection  of  t3rpe  offers  the  greatest  chance  for  reasonable 
economy  in  culvert  and  bridge  design. 


CHAPTER  IV 

LOW  TYPE  EARTH,  SAND-CLAY  AND  GRAVEL  ROADS 

These  t3rpes  of  construction  are  the  initial  steps  in  final  road 
improvement  and  serve  to  gradually  pull  traffic  "out  of  the  mud." 
They  are  the  only  types  that  can  be  reasonably  built  in  unsettled 
communities  or  scattered  agricultural  districts  without  outside 
aid  and  if  properly  located,  graded  and  drained  are  well  worth 
very  careful  engineering  attention.  They  constitute  such  a  large 
percentage  of  Uie  mileage  of  road  work  that  they  are  probably  of 
more  economic  importance  than  the  higher  t3rpe  macadams  and 
rigid  pavements. 

They  however  are  only  makeshifts  under  adverse  weather  con- 
ditions (5  months  in  the  year)  as  conipared  with  the  more  substan- 
tial forms  and  must  be  regarded  as  such.  They  require  continuous 
maintenance  but  not  the  same  degree  of  perfection  in  maintenance 
as  better  roads  nor  anjrthing  like  as  much  money  in  yearly  upkeep 
as  traffic  is  light  and  no  one  expects  or  demands  that  roads  of  this 
kind  be  kept  in  perfect  condition. 

The  gravel  road  will  serve  in  a  fairly  satisfactory  way  up  to  about 
250  moderately  light  rigs  per  day. 

The  following  table  taken  from  Agg's  Construction  of  Roads 
AND  Pavements  gives  an  idea  of  the  traffic  capacity  of  gravel  and 
macadam  roads. 

This  shows  approximately  the  practical  limit  of  these  roads 
and  indicates  that  earth,  sand  clay,  or  gravel  are  reasonable  for  a 
large  mileage. 


\ 
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Average  Daily  Traffic  Limits  in  Massachusetts 

Table  showing  results  of  observations  of  traffic  on  different  types  of  road 
surfaces  in  Massachusetts.  Standard  road,  15  ft.  in  width;  gravel  or  water- 
bound  macadam,  5  or  6  in.  in  thickness,  with  adequate  drainage  and  proper 
foundation,  with  3  ft.  gravel  shoulder  on  each  side. 


Type  of  Surface 

Light 

Teams, 

Carriages, 

Wagons 

Heavy 

Teams, 

One-horse 

Heavy 
Teams, 
two  or 
more 
Horses 

Automobiles 

A  good  gravel  road  will  wear 
reasonably    well    and    be 
economical  with 

• 

SO-7S 

25-30 

10-15 

SO  to  7S 

Needs  to  be  oiled  with 

.50-75 

25-30 

10-15 

Over  75 

Oiled    gravel,    fairlv    good, 
heavy  cold  oil,  H  gal.  to 
the  sq.  yd.  applied  annually 
with 

7S-I00 

30-50 

20 

500  to  700  or 
more 

Waterbound  macadam  will 
stand  with 

175-200 

175-aoo 

60-80 

Not  over  50 
at  high  speed 

Cold  oil  or  tar  will  prove 
serviceable  on  such  macad- 
am with 

175-200 

175-200 

■    60-80 

50-500 

Macadam  will  then  stand, 
but   the    stone    wears,    of 
course,  with . . . .  r 

175-200 

175-200 

60-80 

500  or  more 

*Waterbound  macadam  with 
hot  asphaltic   oil   blanket 
will  be  economical  with 

100-150 

50-75 

25-30 

1500   and 

more  with 

fewer  teams 

And  stand  at  least 

50  trucks 

But  will  crumble  and  per- 
haps fail  with  over 

(On  narrow  tires,  ice,  farm 
and  wood  teams,  etc.) 

150 

IS 

30 

Waterbound  macadam  with 

tar  (H  gal.  to  the  sq.  yd.) 
will  stand  with 

100-150 

SP-7S 

25-30 

1500  or  more 

(But  requires  to  be  recoated 
annually  with  H  gal.  of  tar 
per  sq.  yd.) 

It  is  assumed  that  all  road  surfaces  are  kept  constantly  patched,  that  be- 
fore applying  tntumen  the  road  surface  is  cleaned  and  patched,  and  the 
bttuxnen  covered  mth  pea  stone  and  sand  or  gnravel  and  kept  covered  so  that 
»t  never  picks  up. 

Author's  Note. — One  coat  i)enetration  bituminous  macadam  will 
«and  any  number  of  light  autos  and  more  steel  tire  or  truck  traffic  than 
"hown  above,  because  it  takes  the  wear  more  directly  and  has  no  blanket 
coat  which  crumblcMl  under  such  traffic. 
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EARTH  ROADS 

Rut  Roads. — ^The  simplest  form  of  road  is  the  so-called  rut  road 
used  in  the  arid  regions  of  New  Mexico  and  the  southwest.  They 
are  constructed  by  clearing  the  right-of-way  of  brush  and  then 
cutting  two  shallow  parallel  ruts  in  the  surface  vegetation  or  soil 
crust  by  means  of  two  cutting  irons  gaged  to  fit  the  ordinary 
wagon  track.  A  wagon  trail  of  this  kind  can  be  constructed  for 
from  I5.00  to  I15.00  per  mile;  can  be  used  by  autos  with  fair  com- 
fort at  speeds  up  to  15  miles  an  hour 'and  on  the  flat  mesas  of  this 
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Rut  road.^ 

district  are  more  lasting  and  satisfactory  than  the  ordinary  turn- 
piked  section  as  so  little  rain  falls  that  an  elevated  flU  grade  does 
not  consolidate  and  is  worse  than  useless  for  traffic  On  these 
rut  roads  any  rain  storms  that  occur  wash  the  coarser  particles  of 
the  son  into  the  ruts  and  gradually  an  armored  track  is  formed  below 
the  general  elevation  of  the  mesa.  No  drainage  structures  are 
necessary  where  construction  of  this  kind  is  adopted. 
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Cutting  rig  for  rut  road. 


Earth  Roads. — ^The  same  principles  of  grade,  section  and  drainage 
apply  to  this  class  of  road  as  to  the  hi^er  types  except  that  the 
surface  ditches  are  generally  made  slightly  deeper  and  more  care 
is  taken  with  the  underdrainage;  this  is  necessary  as  the  earth 
road  becomes  more  easily  saturated  with  water  than  types  which 
are  sealed  over  on  the  surface.  If  the  natural  soil  is  good  road  ma- 
terial such  as  gravel,  disintegrated  rock,  hardpanor  sandy  loam 
this  type  of  construction  carefully  graded,  drained  and  shaped 
by  blader  finish  and  maintained  by  dragging  makes  a  satisfactory 
road  for  light  traffic.  Their  cost  depends  on  the  amount  of  grading 
required  and  the  methods  that  can  oe  used.  The  cost  of  drainage 
culverts,  incidentals^  etc.,  will  vary  but  will  run  about  S600  per  mile 
for  good  work. 

Simple  blade  machine  tumpiking,  where  the  dirt  from  the  ditches 


SAND-CLAY  ROADS  I3I 

makes  the  center  fill  cost  (in  districts  similar  to  Wyoming  in  1914*- 
191 5)  about  $150  per  mile.  The  same  work  at  present  (1918) 
is  bid  off  for  aboiit  I200  per  mile.  A  fair  relative  price  for  first- 
class  work  of  this  kind  including  drainage  and  incidentals  can  be 
placed  at  $600  to  $800  per  mile. 

In  rolling  country  requiring  grade  reductions  by  cut  and  fill  and 
wagon  haul  a  fair  relative  price  including  drainage  and  incidentals 
is  approximately  I1500  to  $3000,  where  no  rock  is  encountered. 

In  mountain  road  work  where  the  excavation  runs  anywhere 
from  1000  cu.  yd.  to  30,000  cu.  yd.  per  mile  with  a  large  percentage 
of  rock  the  cost  will  run  anywhere  from  $1000  per  mUe  to  $25,000 
per  mUe.  A  fair  average  for  such  conditions  is  I3000  to  $6000  per 
mile. 

As  previously  stated  it  is  entirely  a  matter  of  required  grading. 
The  approximate  cost  of  different  classes  of  grading  are  taken  up 
in  more  detail  in  Chapter  X  on  "Preliminary  Investigations." 

Current  practice  in  earth  road  sections  is  shown  in  the  following 
plates. 

Mountain  Roads,  Plate  No  11,  page    68 

Wyoming  Standards  "       "     S,     "     ^55 

Iowa  Standards  "       "   31,     "      132 

Pennsylvania  Standards,     "     •"   32,     "     132 

Current  practice  in  grading  and  finishing  are  given  in  typical 
specifications,  page  139. 

Earth  road  maintenance  is  discussed  in  Chapter  VII. 

Where  the  soil  is  not  a  good  road  material  the  surface  is  improved 
by  artificial  mixtures  of  selected  soil  or  by  surfacing  with  gravel, 
chert,  disintegrated  granite,  slag,  shell  cinders,  etc.,  in  fact  any  local 
material  that  gives  body  to  &e  surface  and  prevents  softening. 

Sand-Clay  Treatments 

Where  the  natural  soil  is  clay  the  resisting  power  of  the  surface 
during  wet  weather  can  be  increased  by  the  addition  of  sand. 
Where  the  natural  soil  is  deep  sand  the  surface  can  be  made  firm  and 
resilient  by  the  addition  of  clay.  The  so-called  sand-clay  treatment 
s^s  to  provide  a  surface  layer  of  mixed  sand  and  clay  about  10" 
to  12"  deep  (see  Plate  No  33,  Alabama  Standards)  in  which  the 
sand  forms  the  body  and  the  clay  just  fills  the  voids  in  the  sand  and 
acts  as  a  binder.  It  can  be  readily  seem  that  different  materials  will 
require  different  proportioning  of  the  sand  and  clay;  the  onlj'^  sure 
way  to  get  the  best  results  is  by  experiment  on  the  road  during 
construction  but  to  give  an  idea  of  the  approximate  proportioning 
the  following  list  of  recommended  mixes  is  taken  from  the  Good 
Roads  Year  Book  of  the  American  Highway  Association,  191 7. 

Sand-Clay  Roads 

The  grains  of  which  sand  is  composed  are  usually  bard  and  tough  and 
able  to  resist  abrasion  if  held  secur^y  in  place.  In  an  asphalt  pavement 
tney  are  held  by  the  asphalt  and  a  wearing  surface  of  great  resistance  to 
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Plate  31. — Iowa  Typical  Section  Earth  Roads. 
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abrasion  results.  In  a  sand-clay  road  they  are  bound  together  by  clay  in  a 
less  firm  manner  but  one  giving  excellent  results  on  well  drained  roads  carry- 
ing light  traffic.^  The  aim  of  the  builder  of  such  a  road  is  to  employ  just 
enough  of  the  stickiest  clay  at  his  command  to  fill  the  pores  of  the  sand  and 
to  mix  these  materials  together  so  thoroughly  that  there  are  neither  lumi>8 
of  clay  nor  pockets  of  loose  sand  left  in  the  surfacing.  This  gives  the  maxi- 
mum amount  of  hard  sand  to  carry  the  traffic  and  the  minimum  amount  of 
clay  to  bind  it.  More  sand  makes  a  less  durable  road  and  more  clay  makes 
one  which  becomes  soft  more  rapidly  when  wet. 

There  is  a  great  difference  in  the  value  of  different  clays  for  such  work. 
Some' of  them  become  dough-like  when  mixed  with  a  certain  amount  of  water 
and  can  be  molded  into  objects  which  retain  their  shape  after  drying.  If 
these  molded  objects  are  immersed  in  water  they  will  retain  their  form  for  a 
long  time.  These  varieties  are  called  "plastic  clays"  and  the  most  plastic 
are  called  "ball  clays."  There  are  other  varieties  which  fall  to  pieces  more 
or  less  quickly  when  wet,  as  quicklime  does,  and  they  are  therefore  called 
"slaking  clays."  They  are  more  easily  mixed  with  sand  than  the  plastic 
days  but  they  have  much  less  binding  power  and  a  road  built  with  them  is  less 
durable  when  dry  and  more  easily  rutted  when  wet.  The  amount  of  clay 
to  be  used  can  be  determined  by  a  simple  field  test  described  as  follows  by 
Andrew  P.  Anderson: 

From  typical  samples  of  each  of  the  available  clays,  test  mixtures,  varying 
by  one-half  part,  are  made  with  the  sand  so  that  each  clay  is  represented  by 
a  set  of  mixtures  ranging  by  successive  steps  from  one  part  sand  and  three 
parts  clay  to  four  parts  sand  and  one  part  clay.  These  are  worked  up  with 
water  into  a  putty-like  mass  and  from  each  mix  two  equals  quantities  are 
taken  and  rolled  between  the  palms  of  the  hands  into  reasonably  true  spheres, 
labeled  and  placed  in  the  sun  to  dry.  When  thoroughly  baked,  a  set  of 
spheres  representing  any  one  clay  is  placed  in  a  flat  pan  or  dish  and  enough 
water  poured  gently  into  the  pan  to  cover  them,  care  being  taken  not  to 
pour  the  water  directiy  on  the  samples.  Some  samples  will  begin  to  disinte- 
fi^ate  immediately. ,  Those  breaking  down  most  slowly  contain  most  nearly 
the  proper  proportion  of  sand  ana  clay  for  the  particular  materials.  The 
relative^  binding  power  of  the  various  clays  may  then  be  determined  by 
comparing  the  hardness  and  resistance  to  abrasion  of  the  various  dry 
samples  having  the  correct  proportion  of  sand  and  clay,  as  determined 
by  the  water  tests. 

In  February,  1917.  representatives  of  21  state  highway  departments  and 
of  the  U.  S.  Office  of  Public  Roads  recommended  the  following  mixtures  for 
hara,  medium  and  soft  classes  of  sand-clay  roads. 

Bard  Class. — Clay,  9  to  15  %;  silt,  S  to  15  %;  total  sand,  65  to  80%;  sand 
retained  on  a  60-mesh  sieve,  45  to  60%. 

Mtdium  Class, — Clay,  15  to  25  %;  silt,  10  to  20%;  total  sand,  60  to  70%; 
sand  retained  on  a  60-mesh  sieve,  30  to  45  %. 

Soft  Class. — Clay,  10  to  25  %;  silt,  10  to  20%;  total  sand,  55  to  80%;  sand 
retained  on  a  60-mesh  sieve,  15  to  30%. 

By  clay  is  meant  material  separated  by  subsidence  through  water  and 
possessing  plastic  or  adhesive  properties;  it  is  generally  below  0.0 1  mm.  in 
oiameter.  By  silt  is  meant  the  fine  material  otner  than  clay  which  passes  a 
?oo-mesh  sieve  and  is  generally  from  0.07  to  o.oi  mm.  in  diameter.  ^  By  sand 
u  meant  the  hard  material  which  passes  a  lo-mesh  sieve  and  is  retained  on  a 
2oo.mesh  sieve,  and  is  generally  from  1.85  to  0.07  mm.  in  diameter. 

The  larger  part  of  the  following  explanation  of  the  construction  of 
sand-clay  roads  was  prepared  by  W.  S.  Keller,  State  engineer  of 
Alabama,  where  many  miles  of  sand-clay  roads  have  been  built 
and  are  giving  good  satisfaction. 

Every  fanner  who  lives  in  a  section  of  country  where  both  sand  and  clav 
sre  prevalent,  is  more  than  likely  traveling  over  a  section  of  natural  sand- 
clay  road  but  is  ignorant  of  the  fact.  He  can  call  to  mind  some  particular 
spot  on  the  road  he  travels  though  it  may  not  be  more  than  100  feet  in 
length,  that  is  always  good  and  rarely  requires  the  attention  of  the  road 
^?ds.  Good  drainage  will  be  noticed  at  this  place  and  if  he  takes  the  trouble 
J^  investigate,  he  will  find  that  a  good  mixture  of  sand  and  clay  forms  the 
wewing  surface.  If  this  100  feet  of  road  is  always  good  then  the  entire 
'^^  can  be  made  like  it  provided  man  will  take  advantage  of  the  lesson 
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tatight  by  nature  and  grade  the  road  so  that  the  drainage  will  be  good  and 
surface  the  balance  of  the  road  with  the  same  material.  If  it  is  not  ptossible 
to  find  this  ready  mixed  surfacing  material  convenient  to  the  read  it  may 
be  possible  to  find  the  two  ingredients  in  close  proximity.  In  case  the  road 
after  grading  shows  an  excess  of  sand,  clay  should  be  added,  or  in  case  clay 

f)redominat^  sand  should  be  added  to  produce  good  results.     There  are 
our  general  ways  in  which  sand-clay  roads  may  be  built. 

1.  Ready  mixed  sand  and  clay  placed  on  clay,  sand  or  ordinary  foundation. 

2.  Sand  and  clay  placed  on  soil  foundation  and  mixed. 

3.  Clay  hauled  on  a  sand  foundation  and  mixed  with  the  sand. 

4.  Sand  hauled  on  a  clay  foundation  and  mixed  with  the  clay. 
Taking  up  the  various  methods  in  order. 

1.  A  natural  mixture  of  sand  and  clay  can  often  be  found  where  the  two 
materials  are  found  separate.  The  most  important  i>oint  is  to  know  the 
natural  mixture  when  seen.  The  very  best  guide  to  this  is  to  find  a  natural 
piece  of  good  road.  A  sample  from  the  best  of  this  good  section  will,  by 
comparison,  indicate  what  is  reauired,  close  to  the  road  to  be  surfaced.  This 
natural  mixture  of  sand  and  clay  can  be  noticed  where  red  clay  and  sand 
crop  out,  usually  well  up  in  the  hills,  having  ditches  and  cuts  the  appearance 
of  red  sandstone.  A  good  stratum  of  well  miked  sand  and  clay  will  stand 
perpendicular  in  cuts  and  ditches,  resisting  erosion  almost  as  well  as  sand- 
stone. A  test  of  the  best  natural  sand-clay  mixtures  will  show  the  sand 
forms  about  70  %  of  the  whole.  The  test  is  very  simple.  Take  an  ordinary- 
medicine  glass,  measures  2  ounces  of  the  mixture  into  the  glass  and  wasn 
out  the  clay.  Dry  the  remaining  sand  and  measure  again  on  the  medicine 
glass.     The  loss  will  be  the  amount  of  clay  originally  contained  in  the  mass. 

Before  placing  any  sand-clay  on  the  road,  the  road  should  be  graded  to 
the  desired  width.  The  surface  of  the  graded  road  should  be  flat  or  slightly 
convex.  The  sand>clay  should  be  put  on  from  8  to  12  inches  in  thickne^, 
depending  on  the  character  of  the  sub-grade  or  foundation.  With  a  hard 
clay  for  foundation,  8  inches  of  sand-clay  will  suffice.  If  the  sub-grade  is 
sand  it  is  well  to  put  on  as  much  as  12  inches  of  the  surfacing  material. 
After  a  few  hundred  feet  of  surfacing  material  has  been  placed,  a  grading^ 
machine  should  be  run  over  it  to  smooth  and  crown  the  road  surface  before 
the  top  becomes  hard  and  resists  the  cutting  of  the  blade.  It  is  a  good  plan 
to  turn  the  blade  of  the  machine  so  as  to  tnm  the  edges  of  the  suriace  part, 
discharging  the  excess  sand  and  clay  onto  the-  earth  shoulders.  After  one 
round  trip  with  the  blade  turned  out,  the  remaining  dress  work  with  the 
machine  would  be  with  the  blade  turned  in,  with  the  exception  of  one  trip 
down  the  center  of  road  with  the  blade  at  right  angles  to  the  axis  of  the  road 
for  the  purpose  of  distributing  any  excess  of  material  left  in  the  center. 

After  the  machine  work,  it  is  well  to  follow  with  a  drag,  which  smooths 
any  rough  places  left  by  the  machine  and  leaves  the  road  with  a  smooth, 
even  surface.  A  sand-clay  road,  unlike  other  roads,  can  not  be  finished  in  a 
short  space  of  time.  It  can  be  left  in  an  apparently  finished  condition  with 
a  hard  smooth  surface,  but  it  will  be  found  on  close  examination  that  the 
hard  surface  is  in  teality  only  a  crust,  below  which  there  are  several  inches 
of  loose  material.  After  the  first  hard  rain  the  crust  softens,  the  road  be- 
comes bad  and  the  work  appears  to  be  a  failure.  This,  however,  is  just 
what  is  needed  to  make  it  eventually  good.  After  the  surface  has  dried 
until  the  mass  is  in  a  plastic  state,  it  should  be  dragged  until  the  surface  is 
once  more  smooth,  with  proper  crown,  and  should  be  kept  this  way  by  drag- 
ging at  least  once  a  day  until  the  sun  has  baked  it  hard  and  fi'rm.  Tne  mis- 
take of  keeping  traffic  off  during  this  process  of  resetting  should  not  be  made. 
The  continuous  tamping  of  the  wheels  of  wagons  and  hoofs  of  horses  is  just 
what  is  needed  to  compact  the  sand-clay  into  a  homogeneous  mass.  The 
ordinary  roller  is  not  very  effective  in  this  work,  but  corrugated  rollers  have 
given  excellent  results.  One  type  which  is  widely  used  has  18  cast  iron 
wheels  weighing  300  pounds  each,  which  compress  the  bottom  of  the  mixture 
first.  As  the  material  becomes  more  and  more  compact  the  wheels  ride 
higher  and  higher  and  finally  the  surface  is  so  hard  that  the  roller  does  not 
sink  into  it  at  all.  A  drag  is  an  indispensable  machine  in  the  construction 
of  any  kind  of  sand-day  road. 

2.  Sand  and  clay  placed  on  a  soil  foundation  and  mixed.  This  is  neces- 
saiy  where  the  old  road  has  neither  a  sand  nor  clay  foundation  and  it  is 
impossible  to  find  the  two  ingredients  ready  mixed,  but  possible  to  get  both 
in  separate  state  near  at  hand.  The  clay  ^ould  first  be  placed  on  the  road 
to  a  depth  of  4  inches  and  the  required  width.    It  is  not  wise  to  place  more 
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than  8  few  hundred  lineftl  feet  of  clay  before  the  sand  is  hauled,  as  the  clay 
rapidly  hardens  and  makes  the  mixing  process  difficult.  After,  say,  400 
feet  of  clay  have  been  placed,  the  clay  should  be  broken  by  means  of  a  plow 
and  harrow,  if  it  has  become  hard,  and  sand  to  a  depth  of  0  inches  placed  on 
it.  This  should  be  plowed  and  harrowed  in  thoroughly.  This  is  best  done 
immediately  following  a  rain,  as  the  two  can  be  more  satisfactorily 'mixed. 
The  traffic  aids  the  mixing  and  should  be  encouraged  on  the  road.  After 
the  mass  appears  to  be  well  mixed,  the  road  shoula  be  properly  shaped,  as 
previously  explained.  The  road  should  be  given  watchful  attention  and 
should  sand  or  mud  holes  appear,' a  second  plowing  and  mixing  should  be 
given  it. 

3.  Clay  hauled  on  a  sand  foundation  and  mixed  with  the  saifd.  The 
mixing  process  is  similar  to  that  described  under  second  head.  It  is  only 
necessary  to  add  that  as  the  foundation  is  sa&d,  a  little  more  clay  will  be 
necessary  than  where  the  foundation  is  of  clay  or  soil. 

4.  Sand  hauled  on  a  clay  foundation  and  mixed  with  clay.  The  clay 
foundation  should  be  plowed  to  a  depth  of  4  inches  and  harrowed  with  a 
disk  or  tooth  harrow  until  the  lumps  are  thoroughly  broken  or  pulverized. 
Sand  should  then  be  added  to  a  depth  of  6  inches  and  mixed  as  before 
described. 

Sand  and  clay  can  be  mixed  best  when  wet,  but  as  most  road  construction 
is  done  in  the  summer  months,  it  is  necessary  to  do  most  of  the  mixing  dry 
and  keep  the  road  in  shapte  after  the  first  two  or  three  rains,  while  the  pass- 
ing wagons  and  vehicles  give  the  road  a  final  wet  mixing.  A  sand-clay  road 
is  the  cheapest  road  to  maintain,  for  the  reason  that  it  can  be  repaired  with 
its  own  material.  With  a  drag  or  grading  machine  ruts  can  be  filled  with 
material  scraped  from  the  edges,  whereas  on  gravel  or  macadam  roads,  this 
is.not  possible.  The  repairing  of  these  roads  can  be  done  almost  exclusively 
with  the  drag,  only  enough  hand  work  being  required  to  keep  the  gutters 
open  and  the  growth  of  weeds  cut  on  the  shoulders.  Holes  are  repaired  by 
adding  more  sand-clay,  and  when  many  of  them  appear  fresh  sand-clay 
ihould  be  spread  over  the  surface  of  the  road.  If  the  road  gets  into  reallv 
bad  condition,  the  roadbed  should  be  plowed  up,  reshaped  and  fresh  sand- 
clay  added.  This  is  unnecessarv  where  the  road  is  maintained  properly  and 
the  travel  is  not  too  heavy  for  the  type  of  construction. 

The  maintenance  of  sand-clay  is  discussed  in  Chapter  VII. 
Specifications  for  sand-clay  are  covered  in  Part  III. 

Sand-clay  roads  can  not  be  considered  as  finished  until  traffic  has 
used  them  for  a  year  or  two  and  all  the  small  areas  showing  improper 
mix  have  been  remedied  by  maintenance. 

The  cost  of  surfacing  with  sand-clay  varies  as  any  form  of  con- 
struction with  labor,  length  of  haul,  cost  of  materials,  etc.,  but 
generally  adds  from  15c.  to  35c.  per  square  yard  to  the  cost  of  an 
earth  road.  A  fair  comparative  figure  would  add  $1000  to  $2000 
per  mile  for  a  16'  width  of  sand-clay  to  the  cost  of  an  ordinary  dirt 
road  in  the  same  location. 

Sand-clay  construction  is  not  advised  if  good  road  gravel  or  other 
coarse  local  materials  are  aviulable. 

GRAVEL  ROADS 

A  coarse  well  graded  gravel  is  the  most  satisfactory  material  for 
a  cheap  road.  It  gi/es  body  to  the  traveled  track,  binds  well, 
rides  easily  and  with  a  consolidated  depth  of  8"  to  20"  holds  all 
ordinary  loads  after  it  is  well  consolidated.  For  wheel  pressures 
and  depths  of  metaling  see  Chapter  V,  page  152. 

At  the  present  time  50%  of  the  mileage  of  surfaced  roads  in  the 
U.  S.  are  gravel  roads. 

They  are  however  hard  to  consolidate  quickly  and  need  carefully 
continuous  attention  to  prevent  the  formation  of  ruts,  holes,  or 
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humps.  Gravel  roads  can  not  be  built  by  merely  dumping  loose 
gravel  on  the  road  and  then  hoping  that  traffic  will  put  it  in  shape. 
A  large  mileage  has  been  built  on  this  principle  and  the  residts 
are  s&meful.  A  successful  gravel  road  requires  careful  selection 
of  the  gravel,  carefid  spreading,  earful  consolidation  and  constarU 
maintenance.  The  best  practice  is  shown  in  typical  specifications 
Part  III  but  the  essential  features  will  be  summarized  at  this 
point. 

Size  of  Gravel 

Gravels  suitable  for  road  work  are  widely  distributed  over  the 
country.  They  occur  in  bank  deposits  and  in  stream  beds.  The 
prime  requisite  of  a  gravel  for  foundation  courses  is  that  it  contains 
a  large  percentage  of  coarse  pebbles  to  give  body  and  distribute 
the  wheel  loads.  The  prime  requisite  for  a  surfacing  gravel  is  hard- 
ness of  the  stone  and  well  graded  coarse  and  fine  particles  which 
will  take  the  wear  evenly  and  bond  well.  Pit  run  gravel  varies 
'  greatly  as  to  size  and  composition  even  in  a  single  pit  and  for  this 
reason  no  definite  limits  can  be  well  set  for  the  proportion  of 
sizing.  In  general  it  can  be  said  that  for  foundation  courses  any 
coarse  gravel,  which  when  screened  through  a  K"  mesh  contains 
less  material  passing  the  screen  than  retained  on  it,  can  be  success- 
fully manipulated  without  screening  to  remove  the  excess  sand. 
In  some  localities  this  limit  is  not  feasible  on  account  of  excessive 
fine  material  and  the  limit  of  'fine  material  passing  a  }^"  mesh  is 
placed  at  60%  but  in  reality  a  gravel  of  this  fineness  does  not  produce 
satisfactory  results  and  a  road  on  which  it  is  used  becomes  more 
nearly  a  sand-clay  construction  than  a  gravel  type.  For  a  top 
course  the  large  stone  above  i  J^"  in  size  should  be  screened  out  and 
if  pit  run  is  used  the  sand  passing  the  J^"  mesh  should  not  exceed 
40%  of  the  volume.  The  most  satisfactory  top  is  a  screened  gravel 
but  this  adds  materially  to  the  cost.  Where  screened  gravel  is 
used  H"  to  3"  is  satisfactory  size  for  the  bottom  course  and  J^" 
to  i^"  for  the  top  course. 

The  following  specification  has  been  recommended  by  the  com- 
mittee on  Materials  of  the  American  Society  of  Civil  Engineers. 

Two  mixtures  of  gravel,  sand  and  clay  shall  be  used,  hereinafter  desig- 
nated in  these  spedncations  as  No.  i  product  (for  top  course)  and  No.  2 
product  (for  middle  and  bottom  courses). 

No.  I  product  shall  consist  of  a  mixture  of  sravel,  sand  and  day,  with  the 

Proportions  of  the  various  sizes  as  follows:  All  to  pass  a  i^^"  screen  and  to 
ave  at  least  60  and  not  more  than  75%  retained  on  a  K  inch  screen; 
at  least  25  and  not  more  than  75  %  of  the  total  coarse  aggrcRate  (material 
over  yi  inch  in  size)  to  be  retained  on  a  ^^  inch  screen;  at  least  65  and  not 
more  than  85  %  of  the  total  fine  aggregate  (material  under  K  inch  in  size) 
to  be  retained  on  a  20o-mesh  sieve. 

No.  2  product  shall  consist  of  a  mixture  of  gravel,  sand  and  clay,  with  the 
proportions  of  the  various  sizes  as  follows:  All  to  pass  a  2H  inch  screen  and 
to  have  at  least  60  and  not  more  than  75  %  of  the  total  coarse  aggregate  to  be 
retained  on  a  i  inch  screen,  at  least  65  and  not  more  than  85  %  01  the  total 
fine  aggregate  to  be  retained  on  a  2po-mesh  sieve. 

Bonding  Properties. — Clean  gravel  will  not  bond  well.  A  small 
percentage  of  clay,  loam  or  lime  dust  is  desirable  and  necessary.    This 
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per  cent.  tiuiKes  from  10%  to  30%.  For  bottom  course,  pit  run 
1  gravel  which  contains  over  30%  of  clay  or  loam  should  not  be 
used;  from  10%  tq  15%  gives  the  best  results.  For  top  course 
10%  is  about  the  maximum  clay  or  loam  allowable.  Many  sD- 
aSed  cementitious  gravels  of  lime  rock  contain  or  produce  under 
traffic  a  first-class  rock  dust  binder  of  the  highest  grade.  Clay 
or  loam  can  be  added  to  a  clean  gravel  by  mixing  at  the  jnt  or  by 
pladng  a  t^'"  layer  of  such  material  over  the  gravel  as  spread  on 
Ihe  road  ajid  mixing  it  with  the  course  during  consolidation. 

Spresdine. — Gravel  must  be  uniformly  spread;  there  are  two 
general  methods;  the  trench  spread  (Plate  No.  34)  and  the  feather 
edge  spread  (Plates  35  and  36).  The  feather  edge  spread  is  probably 
I  Die  better  method.  In  either  case  the  depth  should  be  uniform 
and  the  surface  properly  crowned.  Grave!  should  not  be  dumped 
in  piles;  it  should  be  spread  along  in  windrows  and  the  spreading 
bushed  by  shoveling,  raking  or  by  road  machine  blade  scrapers. 
If  [nt  run  gravel  is  used  the  course  should  be  harrowed  to  distribute 
the  sizes  uniformly.  The  ratio  of  compacted  to  loose  depth  is 
approximately  r.2  or  1.35.  That  is  a  loose  depth  of  S"  will  compact 
Id  about  6)^".  If  screened  gravel  is  used  the  filler  should  be 
»dded  before  the  course  is  rolled. 

Constriidation.— Consolidation  is  the  hardest  feature  of  irit 
niQ  gravel  construction.  Detail  methods  are  described  under 
giavd  foundations.  Chapter  V,  page  156.  A  combination  of  traffic 
and  roller  consolidation  while  the  gravel  is  moist  gives  the  best  and 
quickest  consolidation  although  traffic  alone  will  put  it  down 
Wnly  is  raven  time  and  the  shape  is  kept  intact  by  constant  drag- 
Bug  with  a  hone  or  road  machine.  The  following  Minnesota 
Specification  shows  the  methods  employed  where  a  road  roller  is 
not  used. 
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Plate  34. — Iowa  Typical  Gravel  Roads. 
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Plate  36. — Minnesota  Gravel  Road  Section. 
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loaded.  No  earth,  sod  or  any  foreign  or  vegetable  matter,  nor  an  excess 
of  sand  or  clay,  will  be  allowed  in  the  gravel,  and  care  must  be  taken  that 
stripi>ing8  be  not  mixed  with  the  ^avel.  Any  loads  taken  to  the  work 
containing  such  objectionable  materials  will  be  rejected. 

Dumping  and  S|iireadinf;  First  Course. — The  first  course  material  shall  be 
dex>osited  in  a  umform  ndge  on  the  center  line  of  the  road  and  shall  be 
spread  immediately  upon  the  sub-grade  to  a  uniform  section.  This  work 
snail  be  started  at  a  point  on  the  road  nearest  the  pit  or  loading  place  and 
shall  proceed  therefrom  until  the  extreme  haul  in  that  direction  is  reached. 

Shaping  and  Compacting. — The  surfacing  material  shall  be  shaped,  while 
being  compacted  under  travel  by  the  use  of  a  blade  grader,  tooth  harrow, 
planer  or  other  suitable  means.  Ruts  formed  by  the  hauling  or  by  travel 
shall  be  dragged  full  at  least  once  each  day  and  more  frequently  if  necessary, 
to  prevent  cutting  through  the  surfacing  material  into  the  sub-grade.  Holes, 
waves  and  undulations,  which  develop  and  are  not  filled  by  dragging  shall 
be  filled  by  adding  more  material  according  to  the  direction  of  the  engineer. 
The  shaping  of  the  material  shall  be  performed  according  to  the  direction 
of  the  engineer  and  shall  be  continued  until  the  material  is  well  compacted, 
free  from  ruts,  waves  and  undulations  and  is  made  to  conform  to  the  cross- 
section  indicated  on  the  standard  above  mentioned. 

If  the  material  is  not  sufficiently  compacted  by  the  above,  methods  within 
twenty  days  after  placing,  the  engineer  shall  direct  the  character,  amount 
and  method  of  applying  the  binding  material  necessary  to  produce  a  com- 
pacted surface,  and  the  contractor  shall  provide  the  necessary  labor  and 
equipment  to  perform  such  additional  work  at  the  unit  prices  submitted 
for  the  application  of  the  rejgular  surfacing  material.  The  County  shall 
furnish  tms  binding  material  in  the  same  manner  as  provided  for  the  regular 
first  and  second  course  material. 

Second  Course. — When  the  first  course  is  compacted  and  shaped  as  speci- 
fied, to  the  satisfaction  of  the  engineer,  he  shall  authorize  the  application 
of  the  second  course  materials.  It  shall  then  be  applied,  shaped  and  com- 
pacted by  the'  methods  specified  for  the  first  course.  The  work  of  shaping 
and  compacting  shall  be  continued  until  the  material  is  well  comi)acted 
with  the  surface  free  from  ruts,  waves  and  undulations  and  conforming  to 
the  specified  cross-section. 

Maintenance. — Maintenance  is  discussed  in  Chapter  VII. 

Oiling. — OUing  with  a  light  cold  asphaltic  oil  or  cold  tar  is  re- 
sorted to  under  a  moderately  heavy  automobile  traffic.  No 
gravel  road  should  be  oiled  till  at  least  a  year  old  so  that  it  is  com- 
pletely consolidated  and  firmly  bound.  The  surface  must  be 
well  deaned  of  excess  fine  dust  and  the  oil  applied  in  two  or  three 
successive  light  coats  of  approx.  }i  gallon  per  square  yard  at  inter- 
vals of  two  or  three  months.  It  takes  more  than  one  application  to 
give  even  moderately  good  results  as  the  clay  and  loam  in  the  road 
tends  to  prevent  the  formation  of  a  good  bond  between  the  oil 
and  gravel  but  if  persistent  treatment  is  adopted  this  method  in- 
creases the  power  of  gravel  roads  to  withstand  touring  car  traffic 
but  of  course  does  not  increase  their  structural  strength  or  make 
them  suitable  for  heavy  unit  freight  hauling. 

Cost — Pit  run  gravel  varies  in  cost  from  sec.  to  $1.50  per  con- 
solidated cubic  yard  in  place.  Screened  gravel  from  $1.00  to 
$2.00  per  consolidated  cubic  yard. 

Gravel  surfacing  adds  approximately  $1000  to  $3000  per  mile 
to  the  cost  of  an  earth  road  m  the  same  location  and  a  fair  compara- 
tive price  for  this  type  including  drainage  and  incidentals  ranges 
from  $2000  to  $5000  per  mile. 

Odier  Coarse  Materials. — The  same  principles  apply  to  the 
use  of  any  available  local  material  such  as  slag,  chert,  caliche, 
disintegrated  granite,  cinders,  shell,  etc.,  each  one  of  which  can  be 
used  to  advantage  in  special  localities. 
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Miscellatieous  Special  Cases. — Alaskan  Climatic  and  soil  re- 
quirements afford  special  problems;  the  foUowing  quotation  from 
Engineering  and  Contracting  of  March  6, 1918,  indicates  an  inter- 
esting condition  as  described  in  the  report  of  the  Ala'skan  Highway 
Commission. 

*'The  most  unusual  and  troublesome  feature  encountered  in  construction 
is  the  permanently  frozen  ground  which  covers  a  large  portion  of  the  entire 
interior,  and  whidi  is  protected  from  thawing  during  the  summer  by  a  thick 
layer  of  moss,  turf,  or  decayed  vegetable  matter.  The  character  of  this 
frozen  material  varies  largely  in  different  sections  of  the  territory,  and  even 
in  the  same  section.  It  may  be  gravel,  clay,  silt,  peat,  or  clear  ice,  or  a  com- 
bination of  two  or  more  of  these  elements. 

When  gravel  is  encountered  the  problem  presents  no  special  difficulties; 
the  moss  or  turf  is  stripped  off,  and  the  road  graded  in  the  usual  manner. 
When  the  material  is  clay,  experience  has  shown  that  the  same  procedure 
can  usually  be  followed,  but  the  grading  is  a  slow  and  rather  expensive 
process.  After  the  protective  covering  of  vegetable  matter  is  removed,  it 
IS  necessary  to  allow  the  soil  to  thaw  and  dry  out  somewhat  before  it  can  be 
worked,  and  unless  a  considerable  period  is  allowed  to  elapse  between  the 
stripping  and  the  grading,  it  will  be  found  that  the  thawing  has  not  extended 
to '  sufficient  depth  to  permit  of  completing  the  grading  in  one  operation. 
When  the  necessity  for  the  road  is  not  pressing,  an  appreciable  saving  can 
be  effected  by  striping  the  road  bed  and  digging  drainage  ditches  during 
one  season,  completing  the  construction  the  next  year. 

In  those  locahties,  however,  where  the  frozen  material  is  silt  or  peat,  the 
stripping  of  the  roadbed  quickly  results  in  the  formation  of  a  quagmire 
through  which  a  man  or  horse,  even  without  a  load,  can  pass  only  with  the 
greatest  difficulty.  Such  soil  has  sufficient  bearing  value  only  as  long  as  it 
remains  frozen,  which  makes  it  desirable  that  the  moss  or  turf  over-lying 
it  be  kept  intact.  This  layer  of  vegetable  matter  is  not  of  itself  able  to 
sustain  traffic,  necessitating  the  addition  of  a  protective  covering — usuallv 
pole  or  brush  corduroy  when  timber  is  available.  Fortunately  the  growth 
of  scrub  spruce  timber  which  covers  a  large  part  of  interior  Alaska,  except 
the  Seward  Peninsula,  affords  excellent  material  for  this  cordurov. 

Where  the  trees  are  large  enough  pole  corduroy  is  constructed  oy  grubbing 
all  stumps  and  roots  from  the  roadbed,  leveling  it,  and  laying  perpendicu- 
larly to  the  axis  of  the  road  a  single  layer  of  poles  from  which  the  largest 
and  stiffest  branches  have  been  trimmed.  Ditches  are  then  dug  at  a  dis- 
tance of  3  to  5  ft.  from  the  ends  of  the  poles,  and  the  material  therefrom, 
after  rejecting  the  top  layer  of  vegetable  matter,  is  placed  on  the  corduroy 
for  the  double  purpose  01  protecting  it  from  wear  and  affording  a  smoother 
roadway.  If  the  soil  in  the  ditches  is  entirely  unsuitable  for  this  covering, 
other  material,  preferably  gravel,  is  hauled  on  from  the  nearest  available 
source. 

Where  the  spruce  timber  is  of  very  small  size,  or  where  only  small  willows 
are  available,  as  on  the  Seward  Peninsula,  brush  corduroy  is  used.  The 
method  of  construction  is  similar  to  that  described  above,  except  that  the 
sii^le  layer  of  poles  is  replaced  by  mattress  of  untrimmed  brush  containing 
sufficient  material  to  give  a  thickness  of  at  least  6  inches  when  compressed. 

When  corduroy  has  been  properly  protected,  its  life  in  most  parts  of 
Alaska  is  quite  long.  Poles  taken  out  of  the  road  after  xo  years  of  service 
have  been  found  to  be  in  excellent  condition. 

The  3  to  s  ft.  berm  which  rs  left  between  the  ends  of  the  corduroy  and 
the  ditches  is  very  necessary  to  protect  the  corduroy  from  undermining,  as 
the  ditches,  under  the  action  of  sun  and  rain,  slough  and  cut  rapidly.  Ordi- 
narily, as  the  frozen  soil  thaws  and  cuts  away  the  moss  of  the  berm  gradually 
assumes  a  gentle  slope  to  the  bottom  of  the  ditch,  effectually  protecting  the 
corduroy,  but  where  the  cutting  is  severe,  it  often  becomes  necessanr  to 
revet  the  insides  of  the  ditches  with  moss  or  turf.  Frequent  outlets  from 
the  ditches  must  be  provided,  and  when  the  amount  of  water  reaching  the 
ditch  on  the  upper  side  of  the  road  is  large  it  is  advisable  to  construct  an 
additional  ditch  parallel  to  the  road  and  about  50  ft.  away,  with  sufficient 
outlets  to  culverts  of  ample  size. 

Along  the  Pacific  coast  of  Alaska  no  frozen  ground  is  encountered,  but 
the  mountainous  character  of  the  country,  the  excessive  rainfall,  and  the 
difficulties  of  clearing,  have  made  the  work,  as  a  rule,  even  more  expensive 
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than  in  the  interior.  Unless  the  soil  encountered  in  this  region  is  gravel, 
it  will  not  stand  up  under  traffic  during  the  heavy  and  continuous  rains, 
and  some  protective  covering  is  required.  Fortunately  gravel  is  usually 
found  at  no  great  distance;  otherwise  cordurojr  or  plank  roads  are  constructed. 

Tlie  numerous  swift  streams  of  glacial  origin  found  in  the.  Pacific  coast 
section  and  throughout  the  Alaskan  range  in  the  interior  have  been  the  source 
of  much  trouble  and  expense.  Flowing  through  gravel  beds  varying  in 
width  with  the  volume  of  water  carried  up  to  2  miles  or  more,  they  rarely 
have  any  fixed  channels.  It  is  by  no  means  uncommon  for  one  of  these 
streams  to  abandon  an  old  channel  and  establish  itself  in  a  new  one  }^  mile 
away  almost  over  night.  When  warm  weather  causes  rapid  melting  of 
snow  and  ice  in  the  glaciers,  these  streams  become  raging  torrents  of  enor- 
mous destructive  force,  and  roads  paralleling  them  are  in  constant  danger 
of  being  washed  away.  Numerous  methods  of  bank  protection  to  prevent 
damage  from  this  cause  have  been  tried,  of  which  the  following  has  proved 
to  be  the  cheapest  and  most  effective:  A  layer  of  loose  brush  of  sufficient 
length  to  give  the  requisite  protection  is  placed  on  the  threatened  bank,  per- 
pendicular to  the  current  and  weighted  below  the  center  with  stone  enveloped 
m  gsdvanized-wire  netting,  the  whole  being  anchored  in  place  by  wires  ex- 
tending to  "dead-men."  For  emergency  work  when  the  water  is  too  high 
to  permit  of  placing  the  wire  netting  and  rock,  the  brush  is  made  into  fas- 
cines inclosing  sacks  of  earth,  which  are  then  placed  against  the  threatened 
bank  and  wired  to  it  and  to  each  other.  This  form  of  protection  is  easily 
and  quickly  constructed  and  has  repeatedly  demonstrated  its  effectiveness. 

As  now  constructed,  the  width  of  wagon  roads  varies  with  the  formation 
of  the  ground  and  the  amount  of  traffic  expected,  but  as  a  general  rule  roads 
graded  by  other  means  than  the  road  ^^rader  are  given  a  minimum  width  of 
20  ft.  between  ditches,  and  those  on  which  the  road  grader  is  used  a  minimum 
width  of  34  ft.  On  steep  sidehills  and  where  rock  work  is  involved,  the 
width  is  reduced  to  10  or  12  ft.  The  standard  width  of  clearing  is  30  ft. 
but  this  is  increased  to  60  ft.  where  necessary  in  order  to  secure  the  beneficial 
action  of  wind  and  sun  on  the  roadbed. 

Sled  roads  for  winter  traffic  only  are  cleared  for  a  width  of  16  ft.,  with  all 
stumps,  hummocks  and  similar  obstacles  removed  for  a  width  of  8  ft.  ^  They 
are  constructed  where  the  amount  of  traffic  is  not  great  enough  to  justify 
a  wagon  road,  where  the  cost  of  building  a  wagon  road  would  be  prohibitive, 
or  where  the  communities  along  the  route  are  amply  served  by  water  trans- 
portation during  the  open  season,  as  is  the  case  with  the  Fairbanks-Port 
Gibbon  sled  road.  If  it  seems  probable  that  future  development  may  de- 
mand or  justify  a  wagon  road,  the  location  is  made  as  for  a  wagon  road,  in 
order  that  work  done  on  the  sled  road  may  be  of  use  when  the  improvement 
is  made. 

Trails  designed  for  travel  by  dog  team  in  winter  or  by  pack  train  in  sum- 
mer are  given  a  width  of  8  ft.,  with  all  stumps  and  underbrush  cutoff  as 
dose  to  the  ground  as  possible. 

In  the  past,  the  work  of  constructing  and  gradually  improving  the  roads 
has  been  so  generally  intermingled  with  maintenance  operations  that  a  sys- 
tematic plan  for  maintenance  has  not  been  put  into  effect,  nor  would  such 
a  plan  have  been  feasible  in  view  of  the  uncompleted  state  of  the  roads.  •  At 
the  present  time,  however,  the  condition  of  parts  of  the  more  important 
roads,  notably  the  Valdes-Pairbanks  Road,  is  such  as  to  make  practicable 
their  maintenance  by  dragging.  As  Alaska  has  only  a  very  small  agricul- 
tural population,  the  method  adopted  in  many  states  of  contracting  with 
farmers  adjacent  to  the  road  for  the  necessary  dragging  can  not  be  used, 
but  it  is  intended  to  place  on  completed  sections  small  maintenance  crews 
consisting,  as  a  rule,  of  two  men  each,  supplied  with  .a  team,  wagon,  drag, 
and  the  necessary  small  tools.  Two  such  crews  have  been  employed  on 
the  Valdez-Pairbanks  Road  during  the  present  summer,  with  very  satis- 
factory results.  On  several  of  the  gravel-surfaced  roads  in  southeastern 
Alaska  the  patrol  system  of  maintenance  has  been  used  in  connection  with 
more  extensive  repairs.  The  results  show  the  method  to  be  very  effective 
for  roads  of  this  character. 

The  average  costs  per  mile,  including  construction  and  maintenance  of 
sU  roads  and  trails  constructed  by  the  board  since  its  organization  in  1905 
arc  as  follows:  Wagon  road,  13,419;  sled  road,  $379;. trail,  $113..  .A  division 
of  these  amounts  to  show  the  exact  cost  of  construction  proper  is  impossible, 
but  a  careful  analysis  of  the  available  data  indicates  that  the  following  unit 
costs  of  construction,  including  bridges,  may  be  accepted  as  approximately 
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correct:  Wagon  roads,  12,475  per  mile;  sled  roads,  $300  per  niile;  trails, 
I6s  per  mile.  The  average  costs  of  maintenance  during  the  past  season 
were  as  follows:  Wagon  roads,  $250  per  mile;  sled  roads,  I14  per  mile: 
trails,  18  per  mile." 

Arid  Regions. — In  the  arid  regions  fills  must  be  avoided.  Ordinary 
earth  roads  are  constructed  below  the  general  elevation  of  the 
ground  as  follows: 


HoH-ural  Ground  Surface  ■ 


which  keeps  them  moist  longer;  shallow  ditches  are  used  for  the 
same  reason.  In  many  cases  a  hardpan  formation  underlies  the 
sand  surface  and  in  these  conditions  the  sand  surface  is  scraped  off 
and  the  road  built  on  the  underlying  strata. 

Where  fills  must  be  used  they  should  be  made  during  the  rainy 
season  and  the  addition  of  clay  to  a  sandy  soil  helps  consolidate 
the   traveled  way.    Readers  are  referred  to  the  reports  of  the 
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State  En^neers  of  New  Mexico  and  Arizona  for  further  data  on 
the  special  treatment  of  roads  under  these  conditions. 

Summary  of  Chapter. — Roads  of  the  type  discussed  in  this 
chapter  form  the  groundwork  of  future  high-class  pavements  and 
represent  the  greater  percentage  of  mileage  of  roads  m  this  country. 
The^  are  entitled  to  more  engineering  supervision  than  they  have 
received  in  the  past. 


CHAPTER  V 

GRAVEL  AND  STONE  FOUm^ATION  COURSES  FOR  HARD 

SURFACED  PAVEMENTS 

Concrete  foundations  are  considered  under  "Rigid  Pavements" 
in  Chapter  VI. 

The  real  foundation  of  a  road  is  the  earth  sub-grade;  generally, 
however,  the  term  foundation  is  used  in  speaking  of  the  lower 
course  of  stone,  gravel,  etc.,  used  to  help  distribute  the  concentrated 
wheel  loads.  A  discussion  can  be  developed  under  the  following 
heads. 

1.  The  bearing  power  of  different  soils. 

2.  The  concentrated  wheel  loads  on  improved  roads. 

3.  The  distributing  action  of  foundation  courses  and  the  depth 
required  for  different  soils, 

4.  The  different  kinds  of  foundation  courses. 

5.  The  distribution  of  the  stone  in  the  foundations. 

6.  Special  cases. 

I.  Bearing  Power  of  Soils 

^  The  sub-grade  develops  its  greatest  bearing  power  when  dry.  In 
ihe  following  discussion  we  assume^  that  the  soils  are  protected  by  a 
well  designed  drainage  system. 

Mr.  W.  E.  McClintock,  Mem.  Amer.  Soc.  C.  E.  Chairman  of  the 
Massachusetts  Highway  Commission,  published  in  the  1901  report 
of  the  Commission  a  valuable  statement  of  the  results  of  Uieir  inves- 
tigations on  the  bearing  power  of  soils  and  the  distribution  of  wheel 
loads  by  the  macadam. 

"The  Commission  has  estimated  that  non-porous  scaIs,  drained  of  ground 
water,  at  their  worst  will  support  a  load  of  about  4  lb.  per  square  inch;  and 
having  in  mind  these  figures  the  thickness  of  broken  stone  has  been  adjusted 
to  the  traffic. 

"On  a  road  built  of  fragments  of  broken  stone  the  downward  pressure 
takes  a  line  at  an  angle  of  45  degrees  from  the  horizontal  and  is  distributed 
over  an  area  equal  to  the  square  of  twice  the  depth  of  the  broken  stone. 
If  the  division  of  the  load  in  pounds  at  any  one  point  by  the  square  of  twice 
the  depth  of  the  stone  in  inches  gives  a  quotient  of  four  or  less,  then  will  the 
road  foundation  be  safe  at  all  seasons  of  the  year.  On  sand  or  gravel  the 
pressure  can  be  safely  put  at  twenty  pounds  per  square  inch. 

"Acting  on  this  theory  the  thickness  of  the  stone  varies  from  four  inches 
to  sixteen  inches,  the  lesser  thickness  being  placed  over  good  gravel  or  sand, 
the  greater  over  heavy  clay,  and  varying  thicknesses  on  other  soils.  In 
cases  where  the  surfacing  of  broken  stone  exceeds  six  inches  in  thickness, 
the  excess  in  the  base  may  be  broken  stone,  stony  gravel  or  ledge  stone;  the 
material  used  for  the  excess  depending  entirely  upon  the  cost,  either  being 
equally  effective." 
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It  wiU  be  noted  that  the  values  of  the  safe  bearing  power  of  soils 
are  well  under  those  used  for  building  foundations.  The  depths 
however  are  not  enough  for  modem  traffic  as  will  be  discussed  later. 
For  purposes  of  convenient  reference  traffic  is  classified  on  page  164 
and  will  be  referred  to  as  Classes  I,  II,  III  and  IV. 

2.  Concentrated  Wheel  Loads 

There  should  be  some  limit  placed  by  law  to  the  maximum 
load  per  lineal  inch  of  tire  for  vehicle  using  improved  roads.  The 
roads  can  then  be  designed  for  this  load  with  no  danger  of  failure 
from  unreasonable  pressures.  Road  work  is  handicapped  in  this 
country  by  the  lack  of  wide  tire  statutes  and  the  regulation  of 
traction  engines  using*  sharp  lugs  on  the  wheels.  At  present  it  is 
necessary  to  assume  a  loadmg  that  will  probably  not  be  exceeded 
by  the  unregulated  traffic.  Many  engineers  favor  a  law  limiting 
the  load  on  improved  roads  to  700  to  800  lb.,  to  the  lineal  inch  of 
tire  width,  which  is  a  reasonable  limit;  with  a  six  inch  thread  this 
would  mean  a  load  of  nine  tons  for  a  four  wheel  wagon  provided  the 
load  was  uniformly  distributed.  This  is  beyond  the  limits  of  team 
hauling. 

Most  of  the  mechanical  trucks  in  present  use  have  tires  wide 
enough  to  reduce  the  pressure  below  this  limit.  Near  some  of  the 
large  cities,  however,  mechanical  trucking  has  increased  to  propor- 
tions that  amount  to  a  regular  freight  line  and  excessive  loads  are 
carried;  the  load  and  speed  for  such  trucks  must  be  regulated,  for 
no  road  can  stand  abuse  of  this  character.  In  special  metropolitan 
districts  where  truck  freighting  is  desirable  to  relieve  rail  congestion 
or  where  it  is  economical  by  means  of  its  direct  loading  and  delivery, 
specially  designed  toll  roads,  which  are  self  supporting  financially, 
could  be  built  to  handle  much  heavier  loading,  but  for  free  public 
use  roads,  maintained  by  the  community,  a  gross  vehical  load  of  12 
tons  is  a  reasonable  limit. 

The  following  regulations  governing  the  control  of  motor  trucks 
and  traction-engines  were  prepared  by  the  New  York  State  High- 
way Commissioner  to  go  into  effect  in  1914. 

Regulations  for  State  and  County  Highways  Adopted 
BY  the  Commissioner  of  Highways  of  the  State  of 

New  York 

Sbction  I. — No  traction-engine,  road-engine,  hauling-engine,  trailer, 
steam-roller,  automobile  truck,  motor  or  other  power  vehicle  shall  be 
operated  upon  or  over  the  state  or  countjr  highways,  the  face  of  the  wheels 
of  which  vehicle  are  fitted  with  flanges,  ribs,  clamps,  cleats,  lugs  or  spikes. 
This  regulation  applies  to  all  rings  or  flanges  upon  guiding  or  steering  wheels 
of  any  such  vehicle.  In  case  01  traction-en^nes  or  hauling-engines  which 
are  equipped  or  provided  with  flanges,  ribs,  clamps,  cleats,  rings  or  lugs, 
such  vehicle  shall  be  permitted  to  pass  over  said  highways  provided  the 
cleats  are  fastened  upon  all  the  wheels  of  such  vehicles,  and  are  not  less  than 
2>^  in.  wide  and  not  more  than  i>^  in.  high,  and  so  placed  that  not  less  than 
two  cleats  on  each  wheel  shall  touch  the  ground  at  all  times,  and  the  weight 
shall  be  the  same  on  all  parts  of  said  cleats. 
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Section  a.-*-No  traction-engine,  trailer,  steam-roller,  automobile  truck, 
motor  or  other  power  vehicle  shall  be  operated  upon  or  over  the  state  or 
county  highways;  nor  shall  any  object  be  moved  over  or  upon  any  such 
highways  upon  wheels,  rollers  or  otherwise,  in  excess  of  a  total  weight  of 
14  tons,  including  the  vehicle,  object  or  contrivance  and  load,  without  first 
obtaining  the  permission  of  the  State  Commission  of  Highways  as  here- 
inafter provided.  No  weight  in  es^oess  of  8  tons  shall  be  carried  on  any  one 
axle  of  any  such  vehicle. 

Sbction  3.— -The  tire  of  each  wheel  of  a  traction-engine,  road-engine, 
hauling-engine,  trailer,  steam-roller,  automobile  truck,  motor  or  other  power 
vehicle  (except  traction-engines,  road-engines,  and  hauling-engines)  shall 
be  smooth,  and  the  weight  of  such  vehicle,  including  load,  shall  not  exceed 
800  lb.  upon  an  inch  in  width  of  the  tire,  wheel,  roller  or  other  object,  and 
any  weight  in  excess  of  800  lb.  upon  an  inch  of  tire  is  prohibited  unless 
permission  is  obtained  from  the  State  Commissioner  of  Highways  as  here- 
inafter provided. 

Section  4. — No  motor  or  other  power  vehicle  operated  upon  any  state 
or  county  highway  shall  be  of  a  greater  width  than  90  in.,  except  traction- 
engines  which  may  have  a  width  of  x  10  in. 

Section  5. — No  traction-engine,  road-engine,  hauling-engine,  trailer, 
steam-roller,  automobile  truck,  motor  or  other  power  vehicle,  carrying  a 
weight  in  excess  of  a  tons,  including  the  vehicle,  shall  be  operated  upon  any 
state  or  county  hignway  at  a  speed  greater  than  15  mi.  per  hour;  and  no 
such  vehicle  carrying  a  weight  in  excess  of  6  tons,  including  the  vehicle 
shall  be  operated  upon  any  such  highway  at  a  speed  greater  than  6  mi. 
per  hour  when  such  vehicle  is  equipped  with  iron  or  steel  tires,  nor,  a  speed 
greater  than  12  mi.  per  hour  when  the  vehicle  is  equipped  with  tires  of  nard 
rubber  or  other  similar  substance. 

Section  6. — The  State  Commissioner  of  Highways,  upon  proper  applica- 
tion in  writing,  may  grant  permission  for  the  moving  of  heavy  vehicles, 
loads,  objects,  or  structures  in  excess  of  a  total  weight  of  14  tons  over  state 
and  county  highways,  upon  proper  application  in  writing  being  made  there- 
for, and  under  such  restrictions  as  the  Commissioner  may  prescribe. 

Section  7. — The  owner,  driver,  operator  or  mover  of  any  vehicle  over 
any  state  or  county  highway  shall  be  responsible  for  all  damages  which 
said  highway 'may  sustain  as  a  result  of  a  violation  of  any  of  the  provisions 
oi'  the  foregoing  Rules  and  Regulations,  and  the  amount  thereof  may  be 
recovered  in  an  action  of  tort  bv  the  State  Commissioner  of  Highways  or 
by  any  County  Superintendent  of  Highways  of  any  county  or  by  any  Town 
Supenntendent  of  Highways  of  any  town  in  which  said  violation  occurs. 

I.  Section  8.— These  regulations  take  eflfect  October  20,  1913. 

"Section  24  of  Chapter  25  of  the  Consolidated  Laws  entitled  'The  High- 
way Law '  provided  that  any  disobedience  of  any  of  the  foregoing  rules  and 
regulations  shall  be  punishable  by  a  fine  of  not  less  than  |io  and  not  more 
than  1 1 00  to  be  prosecuted  by  the  Town,  County  or  District  Superintendent, 
and  paid  to  the  County  Treasurer  to  the  credit  of  the  fund  for  the  mainte- 
nance of  such  highways  in  the  town  where  such  fine  is  collected." 

Under  these  regulations  properly  enforced  any  of  the  ordinary 
foundation  courses  can  be  successfully  used  provided  the  depth  is 
varied  to  meet  the  soil  condition. 

Military  Loads.— Major  General  W.  M.  Black,  Chief  of 
Engineers,  gives  the  following  information  on  the  loads  military 
roads  must  be  expected  to  carry.  % 

"Our  existing  ordinance  liable  to  accompany  a  field  army  will  have  its 
heaviest  representative  in  a  12-in.  howitzer  weighing  about  27,000  lb., 
18,600  lb.  of  which  are  on  the  front  wheels.  The  base  or  distance  between 
the  front  and  rear  axles  is  18  ft.;  width  of  track  7  ft.  4  in.;  width  of  tire,  8  in.; 
width  of  tire  shoes,  12  in.  This  howitzer  is  to  be  drawn  by  a  75  h.p.  cater- 
pillar tractor  weighing  25,000  lb.  Comparison  with  the  largest  present-day 
commerical  trucks  shows  that  a  road  substantial  enough  for  such  will  suffice 
for  the  ordinance  load,  so  that  in  this  particular,  as  well  as  in  a  strategic  way, 
roads  suitable  for  commercial  purposes  will  meet  the  military  requirements." 

Secretary  of  War  Baker  gives  the  following  requirements  for 
military  roads: 


I50  GRAVEL  AND  STONE  FOUNDATIONS 

"  The  followiflg  requifsments  as  .to  construction  within  the  areas  mentioned 
are  recommended:  (i)  Road  to  have  a  smooth,  hard  surface  of  broken  stone 
or  a  pavement  not  less  than  20  ft.  in  width  and  capable  of  supporting  the 
loads  hereinafter  specified  for  bridges;  (a)  grades  not  to  exceed  5  per  cent., 
except  for  short  distances  (less  than  50  yd.)  where  they  shall  not  exceed 
10  per  cent.;  (3)  bridges  to  be  of  iron  or  masonry  and  of  type  to  support 
loads  of  a  6  in.  howitzer  (3000  lb.  on  front  wheels  and  6500  lb.  on  rear  wheels, 
distance  between  axles  12  ft.,  width  of  wheel  track  5  ft.^  or  a  3  ton  truck 
loaded  (6000  lb.  on  front  wheels.  8000  lb.  on  rear  wheels,  distance  between 
axles  about  10  ft.,  width  between  wheels,  center  to  center,  about  5  ft.).  In 
hilly  country,  where  road  foundations  are  necessarily  hardpan  or  rock,  the 
importance  of  artificial  surfacing  is  less  important  than  the  completion  of  ja 
well  drained  roadbed  ioininfl[  the  roads  in  the  adjacent  valleys;  and  it  is 
therefore  recommended,  that  m  such  cases  the  completion  of  an  unsurfaced 
graded  road  be  completed  before  the  requirement  as  to  artificial  surface  is 
enforced." 

Commercial  Loads. — Records  of  produce  dealers  show  that  heavily 
loaded  farm  wagons  weigh  about  5000  lb.  of  which  about  0.6  is  on 
the  rear  axle.  The  rear  wheels  carry  approx.  1500  lb.  on  3  to  3  J^" 
tires  and  allowing  for  25%  impact  exert  a  pressure  of  approx. 
600  lb.  per  linear  inch  of  tire.  Large  modem  trucks^  loaded  weigh 
about  10  tons  and  carry  approximately  three-fourths  of  the  weight  on 
the  rear  axle.  Each  rear  wheel  is  generally  equipped  with  two  six 
inch  rubber  tires  and  exert  a  pressure  of  approximately  700  lb.  per 
linear  inch.  The  author  believes  that  a  road  designed  for  a  5  ton 
load  on  a  12"  tire  or  at  the  rate  of  ^00  lb.  per  linear  inch  shoidd  be 
.  safe.  • 

Note. — ^The  length  of  wheel  bearing  on  a  well  constructed  mac- 
adam road  is  about  i". 

The  use  of  this  loading  and  the  application  of  the  rules  for  dis 
tribution  of  pressure  given  by  Mr.  McClintock  in  the  preceding 
quotation  results  for  "Main  Roads''  (Class  II  and  Class  IIA 
trafl5c,  see  page  164)  subjected  to  heavy  frost  action  in  northern 
climates,  in  a  total  consolidated  depth,  including  top  course,  of 
9"  on  fine  gravel  or  coarse  sand  and  22"  on  wet  heavy  clay  or  fine 
loam  of  which  more  than  30%  passes  a  No.  100  sieve.  For  feeder 
roads  (Class  III  trafi&c)  in  northern  states  and  for  Gass  II  traffic 
in  climates  free  from  frost  these  depths  can  be  safely  reduced  to 
5"  to  7"  on  gravel  and  15"  to  20"  on  clay. 

The  thickness  to  be  used  in  the  intermediate  cases  must  depend 
on  the  judgment  of  the  engineer.  The  following  examples  are 
intended  only  as  a  guide  for  the  more  common  cases  for  roads  on 
which  the  traffic  makes  a  macadam  design  reasonable.  The 
amount  for  special  cases  often  depends  on  trial. 

Coarse  saud  and  gravel  require  from  5"  to  9".  New  York  State 
uses  7"  as  a  minimum.  Massachusetts  uses  the  following  section 
on  good  gravel  (Fig.  28). 

Wherever  the  stone  is  less  than  6"  it  shoidd  be  laid  in  one  course 
and  classified  as  top  stone. 

*  Pierce  Arrow  5  ton  trucks  have  the  following  specifications  (1918). 
Maximum  body  width,  ^*  Weight  of  chassis,  7800  lb. 

Wheel  base,  14'  to  17'  Body,  2500  lb. 

Gage,  69"  Net  load,  10,000  lb. 

Two  (>"  tires  on  each  rear  wheel.  T3%  ^^  ^^^  ^^^  ^°  ^^^^^  wheels. 

Total  weight  of  truck  loaded,  ao.ooo  lb 
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often  having  once  settled  rarely  give  trouble  witn  9'  

Heavy  day  requires  at  least  15"  in  cut;  if  the  soil  is  springy  or 

especially  poor  18"  to  24"  is  advisable. 
For  shallow  fills  see  Figure  29. 
In  shallow  or  ''pancake"  fills,  clay  or  fine  sandy  loam  shoidd 

never  be  used  where  the  natural  surface  at  this  point  is  of  a  better 


2%^^ 


I 

Fig.  28. 


variety,  as  they  are  almost  certain  to  become  saturated  with  water 
and  will  either  squeeze  or  heave  out  of  shape;  long  shallow  fills  are 
to  be  avoided,  wluch  is  considered  in  laying  the  grade  line,  but  where 
unavoidable,  the  best  available  material  should  be  obtained  and  the 
original  surface  well  broken  up  to' form  a  bond  with  the  new  fill. 
Where  clay  is  used  it  should  be  treated  as  in  cut.  For  clay  fills 
of  intermediate  depth  (i  to  2  ft.)  a  stone  depth  of  10''  to  12'  is 
satisfactory. 

(HftSurfiofce ,  , 


Fig.  29. 

To  illustrate  the  different  stone  depths  that  may  be  used  in  a 
short  distance  an  extract  follows  from  the  construction  report  on 
foundations  for  "  Clover  Street  Sec.  i "  a  road  near  Rochester, 
New  York.  This  was  built  in  1907-1908  and  has  held  satisfactorily 
imder  farm  trafl&c  (Class  III). 

Clover  Street  Road,  Section  z 

The  normal  depth  of  stone  on  this  road  was  7" — 3"  top,  4" 
bottom. 


Station  to  Station 

Character  of  Sub-grade 

Total  Depth 
of  Stone 

180                183  +  25 

Cut  in  sand  and  gravel 

6" 

183  +  2$     186  +  25 

Clay  fill 

8" 

186  +  25     187 

Light  Clay  cut 

11" 

187                190 

Sand,  gravel  and  day 

7" 

190                191 

Ordinary  Clay  cut 

12" 

191                 193 

Clay  loam  fill 

7" 

193                200 

Sand  and  gravel 

6" 

GRAVEL  AND  STONE  FOUNDATIONS 


I   I 


■S     5 
-g     H 


il 


1 
If* 


111 

all 


111 


FOUNDATION  COURSES  153 

Pteparation  of  Sub-grade 

It  is  evident  from  the  pressures  to  which  a  road  is  subjected  that 
the  sub-grade  must  be  well  consolidated  before  placing  the  founda- 
tion stone.  This  is  usually  effected  by  rolling  with  a  10  or  15  ton 
steam  roUer,  exerting  a  pressure  of  350  to  500  pounds  per  linear 
inch  or  wheel  width,  and  is  continued  until' the  grade  is  firm  and 
compact. 

The  difficulties  of  consolidation  in  different  soils  and  the  methods 
of  overcoming  them  will  be  included  in  Chapter  XV. 

KmDS  OF  FOUNDATION  COURSES 

The  foundation  courses  in  ordinary  use  are  as  follows: 

1.  Crushed  stone.  , 

2.  Screened  gravel. 

3.  Field  stone  sub-base. 

4.  Pit  gravel  sub-base. 

5.  Field  stone  sub-base  bottom  course. 

6.  Pit  gravel  sub-base  bottom  course. 

7.  Quarry  stone  base  or  Telford. 

I.  Broken  Stone  Bottom  Coarse. — This  style  of  construction 
is  the  one  in  most  general  use.  Where  local  stone  is  abundant 
and  well  distributed,  such  a  course  will  cost^  from  $2.00  to  $2.50 
per  cubic  yard  rolled  in  place;  where  imported  stone  is  necessary , 
the  cost  depends  largely  upon  the  freight  rate  and  the  length  of 
haul  and  may  run  as  high  as  $5.00.  Bottom  of  this  kind  is  generally 
used  where  the  total  depth  of  stone  metaling  does  not  exceed  6 
to  8"  after  rolling.  Beyond  these  depths  it  is  often  cheaper  to 
substitute  sub-base  or  sub-base  bottom  course  for  a  part  or  the 
whole  of  the  broken  stone  course. 

The  method  of  construction  by  the  New  York  State  Highway 
Commission  is  shown  in  the  following  extract  from  their  191 1. 
specifications: 

Stone  Macadam  Bottom  Course 

"After  the  sub-erade  has  been  ptepared  and  has  been  accepted  by  the 
engineer,  a  layer  ox  broken  stone  of  the  approved  size  and  quality  for  bottom 
course  shall  be  spread  evenly  over  it  to  such  a  depth  that  it  shall  have,  wheii 
roued,  the  required  thickness.  The  depth  of  the  loose  stone  shaU  be  gaged 
by  laying  upon  the  sub-grade  cubical  blocks  of  wood  of  the  proper  stse  and 
spreading  the  stone  evenly  to  conform  to  them." 

The  roller  shall  be  run  along  the  edge  of  the  stone  backward  and  forward 
^veral  times  on  each  side  before  rolling  the  center.  Before  putting  on  the 
oiler  the  course  shall  be  rolled  until  the  stone  does  not  creep  or  weave  ahead 
ot  the  roller.  In  no  case  shall  the  screenings  or  sand  for  filler  be  dumped  in 
°^  upon  the  crushed  stone,  but  they  shall  be  spread  uniformly  over  the 
larface  from  wagons  or  from  piles  that  have  been  placed  on  the  shoulders. 
It  shall  then  be  swept  in  with  rattan  or  steel  brooms  and  rolled  dry.  *  This 
PJo<*88  shall  be  continued  until  no  more  will  go  in  dry,  when  the  surface 
■i^u,  if  required  by  the  engineer,  be  sprinkled  to  more  effectually  fill  the 

'  All  costs  are  for  comparative  purposes  and  are  based  on   1913-1914 
oonditions. 
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voids.  No  filler  shall  be  left  on  the  surface,  and  the  bottom  course  stone 
shall  be  swept  clean  before  covering  with  top  course.  Only  such  teaming  as 
is  necessary  for  distributing  the  materials  will  be  allowed  on  the  bottom, 
course.  Any  irregularities  or  depressions,  the  result  of  settlement,  rolling  or 
teaming,  if  slight,  shall  be  made  good  with  broken  stone  of  the  same  size  used 
in  the  bottom  course,  otherwise  the  stone  shall  be  removed  and  the  sub-grade 
regmded  and  rolled.  Such  removal  and  restoring  of  the  surface  shall  be  made 
at  the  Expense  of  the  contractor.  Screenings  shall  not  be  used  in  leveling  up 
irr^rulanties  or  depressions. " 

Massachusetts  used  no  filler;  otherwise  their  construction  is 
substantially  the  same  as  New  York. 

Where  imported  stone  is  specified  or  the  local  stone  is  suitable 
for  both  top  and  bottom  courses,  the  size  used  for  bottom  course 
is  known  commercially  as  "No.  4  stone"  and  ranges  from  2^^" 
to  $%"  in  its  greatest  dimension;  the  smaller  size  is  used  for  the 
top  course,  for  concrete  and  for  filler;  where  the  local  material  is 
only  fit  for  bottom,  the  course  is  made  up  of  stone  ranging  from  i" 
to  3%"  in  order  to  use  up  the  total  output  of  the  crusher.  The 
stone  smaller  than  1"  is  used  for  filler,  on  the  shoulders,  and  some- 
times for  the  cheaper  grades  of  concrete.  In  specif3dng  the  sized 
stone  for  a  particular  job,  economy  is  considered.  Stone  sized 
from  i"  to  3Ji"  is  perfectly  satisfactory.  The  only  reason  for 
limiting  the  usual  size  from  2^"  to  3Ji"  is  that  it  leaves  the  i" 
to  2^"  stone  for  the  top  course;  a  uniform  grade  is  important  for 
the  top  and  the  size  mentioned  gives  a  smooth  finish. 

The  ratio  of  loose  depth  to  rolled  depth  is  given  on  page  591. 

Where  filler  is  not  used  in  the  construction  of  the  bottom  course 
more  binder  is  required  for  the  top;  it  is  our  opinion  that  the  use 
of  filler  is  the  better  construction  but  it  must  be  of  good  quality. 

The  clause  concerning  teaming  in  the  quoted  specifications  is 
8  dead  letter;  teaming  helps  to  consolidate  the  bottom  provided 
it  is  distributed  over  the  full  width  and  care  is  taken  in  watching  the 
course  to  prevent  loss  of  shape  when  the  traffic  is  first  turned  on  or 
after  a  long  continued  rainfall. 

2.  Screened  Gravel  Bottom  Course, — Screened  gravel  i"  to  3  J^" 
in  size  is  used  in  place  of  crushed  stone;  the  course  is  constructed  m 
the  same  manner  as  described  above,  except  that  a  filler  containing 
some  clay  Or  clay  loam  is  preferable  to  a  coarse  sand,  and  it  is 
often  necessary  to  wet  the  course  in  order  to  consolidate  it  satis- 
factorily. It  is  also  necessary  to  apply  the  filler  before  the  course  is 
rolled. 

A  gravel  bottom  should  be  made  somewhat  thicker  than  a 
crushed  stone  bottom  as  the  fragments  do  not  interlock  as  firmly 
as  crushed  stone. 

The  choice  between  a  screened  gravel  or  crushed  stone  bottom 
depends  entirely  on  the  relative  cost.  Under  favorable  conditions 
a  screened  gravel  bottom  course  will  cost  from  $1.30  to  $2.00  per 
cubic  yard,  rolled  in  place.  A  course  pit  run  gravel  is  preferable  to 
a  screened  gravel  bottom. 

3.  Field  Stone  Sub-base.^-Field  stone  sub-base  is  constructed, 
as  shown  in  the  cut,  of  field  boulders  roughly  placed  and  filled  with 
gravel,  waste  No  2  stone  or  stone  chips;  no  attempt  is  made  to 
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finish  tlie  top  of  the  course  exactly  to  line  and  grade,  as  any  small 
inequalities  can  be  filled  with  bottom  stone.  The  depth  varies 
from  5''  to  20"  depending  on  the  soil  encoimtered  and  the  size  of 
the  available  field  stone.  In  designing  a  bottom  course  of  this  kind, 
care  must  be  taken  to  have  accurate  data  as  to  the  average  size  of 
stone  available.  If  the  demands  of  a  foundation  were  fully  sat- 
isfied by  a  s"  sub-base  course,  it  might  still  be  more  economical  to 
use  a  7"  course  if  the  stone  averaged  seven  inches,  because  the 
extra  work  of  sorting  and  sledging  to  a  5''  size  would  result  in  a 
higher  cost  per  square  yard  than  for  a  7''  depth. 

The  amount  of  stone  and  filler  required  per  cubic  yard  in  place 
is  given  on  page  591. 
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Under  favorable  conditions  this  sub-base  can  be  constructed 
for  $1.00  to  $1.50  per  cubic  yard. 

4.  Pit  Gravel  or  Creek  Gravel  Sub-base. — Stony  gravel  is  a  sat- 
isfactory material  for  sub-base;  it  can  be  readily  constructed  for 
any  depth  from  2 '^  to  24 '^  if  required,  and  where  a  pit  ot  creek  bar 
is  near,  the  cost  of  such  a  course'  should  run  from  $0.80  to  $1.25 
per  cubic  yard. 

The  ratio  of  loose  to  consolidated  gravel  for  such  a  course  is  given 
on  page  591. 

5.  Field  Stone  Sub-base  Bottom  Course. — Sub-base  bottom 
course  is  essentially  the  same  construction  as  sub-base,  except  that, 
as  the  top  course  is  placed  directly  upon  it,  the  stone  must  be  more 
carefully  assorted  as  to  size,  more  carefully  placed  as  to  line  and 
grade,  and  a  better  grade  of  filler  must  be  used. 

Crushed  stone  (cruder  run)  or  coarse  gravel  make  a  satisfactory 
filler. 


'Baie  Bcihun  Cowse 


Fig.  31. 


The  course  can  be  of  any  depth  from  5"  up,  depending,  as  for 
sub-base,  on  the  soil  and  average  size  of  stone;  it  is  practically 
impossible  to  make  a  large  stone  bottom  of  this  kind  conform 
exactly  to  line  and  grade;  a  variation  of  i"  either  above  or  below 
Snde  is  usually  allowed  and  the  inequalities  taken  out  with  the 
top  stone;  this  requires  that  the  top  course  must  be  at  least  3" 
deep  after  rolling. 
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Sub-base  bottom  is  especially  applicable  for  long  stretches  of 
road  requiring  a  depth  of  9"  to  20  ;  it  usually  costs  from  $1.30 
to  $1.70  per  cubic  yard  in  place  where  fence  stone  is  available^ 
and  by  its  use  the  item  of  higher  priced  bottom  stone  is  reduced. 
However,  on  a  hard  foundation  it  is  generally  better  to  use  4" 
to  s"  of  ordinary  broken  stone  bottom  course  instead  of  the  sub- 
base  bottom  course  even  if  more  expensive,  because  the  small 
stone  construction  is  more  uniform  in  its  resistance  to  heavy  loads 
and  the  top  course  will  wear  more  evenly  and  longer. 

An  extract  from  the  191 5  New  York  State  Specifications  is  given 
below:  ' 

Sub-base  Bottom  Course 

When  field  or  quarry  stone  is  used  for  constructing  the  founda- 
tion course  it  shall  be  of  a  hard,  sound  and  durable  quality,  accep- 
table to  the  engineer;  the  stone  shall  be  placed  by  hand  so  as  to 
bring  them  in  as  close  contact  as  possible.  When  quarry  stones 
are  used  they  shall  be  placed  on  edge.  The  depth  of  the  stone  shsdl 
in  no  case  be  greater  than  the  depth  specified  for  the  course,  the 
width  shall  not  be  greater  than  the  depth,  nor  more  than  6  inches, 
and  the  length  shall  not  be  greater  uian  one  and  one-half  times 
the  depth,  nor  more  than  12  inches.  The  distribution  of  the 
stone  shall  be  of  a  uniformity  satisfactory  to  the  engineer.  The 
long  dimension  shall  sAvrays  be  placed  crosswise  the  road.  After 
laying,  this  course  shall  be  thoroughly  rolled  with  an  approved 
roller  weighing  not  less  than  10  'tons,  and  shall  then  be  filled  with 
stone  or  coarse  gravel  as  directed  and  again  rolled  until  the  stones 
are  bound  together  and  thoroughly  compacted;  but  no  gravel 
shall  be  used  for  filling  except  under  written  permission  of  the 
engineer.  All  holes  or  depressions  found  in  rolling  shall  be  filled 
with  material  of  the  same  quality  and  the  surface  shall  be  reroUed 
until  it  conforms  to  the  lines  and  grades  shown  on  the  plans.  When 
field  stone  is  used  approved  tailings  may  be  used  for  filling.  In 
all  cases  a  sufiicient  amount  of  fine  materiid  shall  be  used  to  fill 
all  voids.  In  limited  areas  where  the  use  of  a  roller  is  impracticable 
heavy  tampers  may  be  used  to  consolidate  the  material.  . 

6.  Pit  Grayel  Bottom  or  Sub-base  Bottom. — A  stony  gravel 
containing  not  over  15%  of  loam  makes  a  satisfactory  course;  the 
depths  vary  from  4"  to  18";  pit  or  creek  gravel  even  when  unusually 
coarse  has  from  40  to  60%  of  fine  material;  a  suitable  gravel  for 
pit  run  bottom  should  not  contain  more  fine  material  passing  a  }4,^' 
screen  than  coarse  material  retained  on  a  3^"  screen.  If  there  is  a 
large  excess  of  fine  the  gravel  should  be  screened  and  remixed  at  the 
bin  in  proper  proportions. 

^  The  great  difficulty  in  this  construction  is  to  get  proper  consolida- 
tion without  too  much  delay.  It  is  advisable  to  lay  a  course  of 
this  kind  at  least  two  weeks  ahead  of  the  top  stone  in  order  to  give 
traffic  and  rains  a  chance  to  help  consolidate  the  course.  The 
addition  of  10%  of  loam  to  clean  gravel  will  quicken  the  consolida- 
tion.   This  can  be  done  either  at  the  pit  by  leaving  a  thin  layer 
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of  loam  when  stripping  which  runs  down  with  the  gravel  in  loading 
or  by  placing  from  J^  to  1"  of  loam  on  top  of  the  gravel  as  spread 
on  the  road;  the  author  has  succeeded  in  getting  rapid  consolida- 
tion by  snatching  loaded  teams  over  the  loose  course  with  the  road 
roller;  the  roller  continually  smooths  out  the  gravel  and  eases  the 
haul  for  the  teams;  the  horses'  hoofs  and  wagon  wheels  punch  into 
the  gravel  and  pack  it  down  rapidly.^  Sprinkling  helps.  A  gravel 
bottom  consolidates  unevenly  and  it  is  always  necessary  to  reshape 
it  somewhat  after  consolidation;  about  $0.05  per  cubic  yard  should 
be  allowed  for  this  reshaping  of  crown  and  elimination  of  humps 
and  hollows.  A  properly  consolidated  gravel  bottom  will  permit 
a  4  ton  load  on  ^\i"  tires  passing  over  it  without  making  a  wheel 
mark  over  J^"  deep;  this  is  a  simple  available  construction  test. 
We  have  gone  into  some  detail  covering  this  construction  as  it  is 
the  most  economical  type  of  bottom  in  a  large  number  of  cases  but 
is  not  generally  favored  because  it  is  harder  to  consolidate  than  the 
other  t3rpes  of  bottom.  With  a  3"  or  preferably  a  4"  macadam  top 
it  has  proved  perfectly  satisfactory  on  all  but  the  heaviest  traffic 
roads. 

The  cost  of  a  gravel  bottom  ranges  from  $0.80  to  $1.50  per  cubic 
yard  in  place  provided  the  hauls  are  short. 

The  depths  of  gravel  is  gaged  by  blocks  or  lines  and  the  ratio 
of  loose  to  rolled  depth  is  approx.  1.2  (see  page  591). 

7.  Telford  Base. — Telford  base  is  rapidly  going  out  of  use  in  the 
United  States  because  of  the  difficulty  of  maintaining  a  top  course 
laid  upon  it.  It  seems  to  be  too  rigid  and  is  more  expensive  than 
sub-base  or  sub-base  bottom  course,  costing  about  $1.80  to  $2.00 
per  qubic  yard  under  favorable  conditions. 

A  good  description  of  a  telford  construction  is  given  by  Mr. 
William  Pierson  Judson  in  "Roads  and  Pavements."  The  fol- 
lowing quotation  is  an  extract  from  his  book. 

"On  this  sub-grade  are  then  placed  by  hand  the  stones  forming;  the  telford 
foundation,  which  may  vary  in  size  as  shown  below;  each  stone  must  be  set 
vertically  upon  its  broadest  edge,  lengthwise  across  the  road  and  forming 
courses  and  breaking  joints  with  the  next  course,  so  as  to  form  a  close  and 
firm  pavement.  The  stones  are  then  bound  b^  inserting  and  driving  stones 
of  proper  size  and  shape  to  wedge  the  stones  in  their  proper  position.  All 
projecting  points  are  then  broken  with  a  sledge  or  hammer  so  that  no  pro- 
jections wall  be  within  four  inches  of  the  finished  grade  line. 

"The  telford  foundation  is  then  rolled  with  a  steam  roller  of  ten  or  more 
tons  weight,  until  all  stones  are  firmly  bedded  and  none  move  under  the 
roller.  All  depressions  are  then  filled  with  stone  chips  not  larger  than  two 
and  one-half  inches,  and  the  whole  left  true  and  even  and  four  inches  below 
the  line  of  finished  grade  and  cross-section. 

"A  good  workman  will  average  about  twenty  minutes  in  setting  a  square 
yard  of  this  telford  foundation,  which  may  be  formed  of  any  kind  of  quarried 
rock  which  is  most  available. 

"The  practice  in  1901  in  the  states  named  is  here  shown." 
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Table  21  a. — Sizes  of  Stone  for  Telford  Foundation,  in  Inches 


State 


Depth  as 
Set  on 
Edge 


Max.   Min. 


Width  as 
Set 


Max.   Min. 


Length 

Set  Across 

Road 


Max.  Min. 


Remarks 


New  Jersey 
Mass 


Conn 


New  York 


8 

8 

4 

10 

6 

S 

10 

4 

IS 

6 

8 

8 

10 

6 

18 

8 

8 

6 

10 

4 

IS 

6 

Alternate  end 
stones  double 
length. 

Two  inches  gravel 
rolled    on    sub^ 
grade  as  base. 

Macadam  covering 
formed  in  one 
layer. 

Used  only  on  im- 
stable  ground  as 
foundation  for 
macadam. 


Distribution  of  Stone  in  Foundations. — In  the  discussion  of  sec- 
tions, Table  10,  page  37,  shows  that  most  of  the  traffic  normally 
keeps  to  the  middle  10'  to  12'.  It  would  therefore  appear  logical 
to  make  the  central  portion  of  the  road  thicker  than  the  sides. 
This  applies  without  doubt  to  roads  of  moderate  traffic  where  the 
teams  generally  travel  in  the  center  of  the  macadam  and  only  oc- 


casionally turn  out  to  pass  but  for  heavy  traffic  double  track  roads 
this  idea  is  wrong.  On  such  roads  the  greatest  wear  and  heaviest 
wheel  load  occur  about  i  ft.  from  the  edge  of  the  hard  pavement  and 
many  of  these  roads  develop  the  shape  shown  m  the  above 
sketch.  It  therefore  seems  advisable  to  keep  the  full  depth  of 
metaling  for  the  full  width  on  Class  I  and  Class  II  traffic  roads. 

For  Class  III  traffic  the  varying  thickness  indicated  in  Figures 
32  and  33  is  applicable. 

Figure  32  is  an  example  of  such  a  foundation  course  for  ordinary 
soils  as  used  by  the  New  York  State  Highway  Commission  in  igio. 

Figure  33  is  an  example  of  an  economical  sub-base,  for  a  light 
traffic  road  as  used  by  the  Illinois  Highway  Commission  in  1910. 

Special  Cases. — ^Long  stretdiesof  comparatively  level  ledge  rock, 
muck  and  vegetable  loam  may  be  placed  under  this  head. 

Where  a  road  is  on  the  surface  of  ledge  rock  for  any  distance,  the 
usual  cross-section  of  part  cut  and  part  fiU  can  not  be  us^  because  of 
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the  high  cost  of  shallow  rock  excavation  for  ditches;  the  grade 
should  be  lifted  to  make  the  normal  section  fill  and  the  best  available 
material  (not  clay)  used  in  its  construction.  Where  conditions  of 
this  kind  prevail,  dirt  is  usually  hard  to  obtain  and  often  a  stone 
fill  is  cheaper  and  also  more  satisfactory. 

The  construction  shown  (Fig.  34)  was  used  for  a  stretch  of  two  and 
one-half  miles  on  theLeroy-Calendonia  State  Highway  in  New  York, 
where  ledge  rock  was  encountered  as  described. 


Fig.  32. 

The  price  for  the  stone  fill  was  $1.23  per  cubic  yard  in  place 
constructed  as  shown;  the  road  was  built  in  1910  and  has  given  sat- 
isfaction; the  minimum  thickness  of  top  for  such  a  fill  is  3"  as  it  is  im- 
possible to  construct  it  exactly  to  line  and  grade;  it  was  found  that 
by  allowing  a  variation  of  i"  either  above  or  below  the  grade  eleva- 
tion, the  fill  could  be  readily  constructed,  and  these  small  inequali- 
ties were  taken  out  with  the  top  stone.  A  top  course  having  such 
a  variable  thickness  should  be  paid  for  by  weight  and  not  by  volume 
in  place  (see  page  586,  "Cost  Data"). 


i»!| 
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Fig.  33. 

Peat,  Muck,  Vegetable  Loam,  or  Silt. — Where  the  material  is 
semifluid  the  only  solution  is  a  pile  and  grillage  foundation. 

Swamps,  as  ordinarily  encountered,  can  be  treated  successfully 
by  using  a  corduroy  or  mattress  foundation  covered  with  a  deep 
fill  of  gravel  or  large  stone.  In  some  cases  where  the  muck  is  com- 
paratively stiff,  a  gravel  or  boulder  fill  alone  will  give  a  satisfactory 
foundation. 

Where  swamps  are  crossed  by  improved  roads,  the  location 
usually  follows  the  old  road  which  has  often  been  corduroyed  in 
the  past;  in  such  cases  the  old  foundation  should  not  be  disturbed; 
a  sufficient  additional  depth  of  stone  can  be  added  to  keep  the 
shape  of  the  section  intact. 
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As  an  example,  the  Scottsville-Mumford  New  York  State  im- 
provement crossed  a  looo  ft.  stretch  of  muck  on  the  old  road  loca- 
tion; it  was  found  that  the  original  cedar  corduroy  was  in  good 
shape;  an  i8"  depth  of  large  boulders  was  placed  on  the  old  founda- 
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Fill  can  be  made  of  fence  stone,  gravel,  quarry  spalls,  stone 
chips,  or  run  of  crusher  stone  over  %!'  in  size. 

Method  A . — Boulders  up  to  2  cu.  ft.  can  be  used,  placing  the 
largest  in  the  bottom  of  the  fill;  the  top  layer  must  be  fairly  uni- 
form and  not  over  8"  in  size  and  must  be  roughly  placed  by  hand 
to  reduce  the  voids  as  much  as  possible,  provided  this  layer  of 
large  stone  is  within  4"  of  the  bottom  of  the  top  course.  The  top 
8"  to  be  filled  with  stone  chips  or  gravel  and  a  cushion  of  at  least 
2"  of  screened  gravel,  stone  chips  op  crusher  run  of  broken  stone 
over  y^'  in  size  to  be  placed  on  top  to  bring  the  fill  to  the  correct 
grade  and  crown  for  tiie  top  course. 

Method  B. — Same  matenals  and  manipulation  as  Method  A, 
except  that  provided  the  top  of  the  boulder  fill  is  more  than  4" 
from  the  bottom  of  the  top  course  the  top  layer  of  the  boulder  fill 
need  not  be  placed  by  hand  (see  sketch,  Method  B). 


Pig.  34. 

tion  and  surfaced  with  6''  of  broken  stone  macadam.  This  stretch 
of  road  has  kept  its  shape  and  has  not  settled,  it  affords  a  good 
example  of  the  statement  made  on  page  150  that  in  many  special 
cases  the  depth  of  the  stone  is  determined  by  trial;  the  boulders 
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were  put  on  in  successive  layers  of  6"  each  ufttil  there  was  no 
material  movement  under  the  roller  and  then  surfaced  with  the 
broken  stone  macadam. 
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Under  a  heavy  load  the  whole  roadbed  will  vibrate  for  loo  ft., 
but  the  shape  remains  intact. 

Economical  Foundation  Design  Macadam  Roads. — The  econom- 
ical design  of  foundation  courses  may  be  summarized  as  follows: 
For  nioderate  traffic  use  pit  run  coarse  local  gravel  if  available 
varying  the  depths  to  suit  the  soil.  If  gravel  is  not  available  use 
a  macadam  bottom  for  ordinary  soils  and  field  stone  sub-base  or 
sub-base  bottom  for  bad  foundations.  The  economy  in  the  design 
of  macadam  roads  is  greatly  increased  by  utilizing  local  material, 
preferably  uncrushed,  to  its  fullest  extent.  We  wish  to  emphasize 
this  point  (see  design  report,  page  274).  If  the  supply  of  local 
material  is  limited  it  should  be  used  for  as  much  of  the  road  as 
possible  and  advantage  should  be  taken  of  the  different  local 
supplies  by  changing  the  design  to  allow  their  use  with  short  hauls. 
Uniform  designs  which  disregard  limited  amounts  of  local 
materials  often  raise  the  cost  from  $500  to  $1000  per  mile. 

Conclusions. — In  the  design  of  a  road,  the  amount  of  material 
required  for  the  foundation  courses  can  only  be  approximated. 
This  is  the  only  item  in  the  preliminary  estimate  that  can  not  be 
figured   within  definite  limits.    It  can  be  closely   estimated  if 
careful  data  on  the  soils  is  obtained  from  local  people  and  from  the 
preliminary  survey  (see  page  330)  but  a  certain  leeway  must  be 
given  the  constructing  engineer  so  that  he  may  vary  the  estimated 
depths  to  meet  the  construction  conditions  and  build  a  consistent 
road.    It  will  be  noted  that  the  depths  recommended  in  this 
chapter  are  greater  than  those  shown  in  most  of  the  state  sections 
throughout  the  book.    This  increase  in  depth  is  based  on  the 
observed  action  of  traffic  on  the  older  macadam  roads,  which  unless 
recapped  with  from  3"  to  6"  of  additional  stone  are  failing  under 
heavy  modern  traffic.    A  macadam  foundation  is  more  suitable 
in  northern  climates  for  nine-tenths  of  the  roads  than  a  rigid  pave- 
ment because  it  is  flexible  under  frost  action  and  with  sufficient 
depth  will  hold  the  heaviest  loads,  but  present  practice  in  macadam 
design  and  maintenance  is  lagging  behind  the  traffic  requirements 
m  the  matter  of  depth  while  rigid  pavement  strength  is  well  abreast 
of  the  times.    The  author  has  been  amused  at  the  recent  compari- 
sons of  the  effect  of  Army  truck  traffic  across  New  York  State  on 
rigid  and  macadam  roads.    A  considerable  mileage  of  old  thin 
macadam  roads  failed  in  spots  but  where  a  reasonable  depth  of 
niacadam  prevailed  no  foundation  failures  occurred.    A  blare  of 
trumpets  hailed  the  failure  of  the  old  cheap  inadequately  main- 
tained macadams  and  great  stress  was  laid  on  the  fact  that  the 
rigid  types  held.    This  is  mentioned  to  illustrate  a  phase  of  the 
present  campaign  for  rigid  types  which  the  author  considers 
wiwarrahted  and  dangerous  from  the  standpoint  of  reasonable 
I  «>ad  design  as  it  tends  to  discredit  macadam  construction.    While 
we  do  not  .advocate  macadam  on  Class  I  roads  their  use  on  Classes 
n,  III  and  IV  should  be  encouraged.     (For  traffic  classification, 
seepage  164.) 

.  Macadam  foundation  failures  are  due  to   insufficient  depth, 
insufficient   consolidation   during   construction   and   poor   grade 
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filler.  The  matter  of  filler  is  very  important;  coarse  sand,  pea 
gravel;  or  stone  screenings  are  preferable  and  earth  or  loam  that 
softens  when  wet  shoidd  never  be  auowed.  Filler  should  be  a  separate 
item  separately  paid  for. 

Macadam  failures  are  due  to  the  same  cause  as  concrete  failures 
of  brick  failures  or  any  other  failure — ignorance  and  carelessness. 


CHAPTER  VI 

liACADAM  TOP  COURSES  AICD  RIGID  PAVEMENTS 

The  scientific  selection  of  the  most  suitable  pavement  for  'a 
given  road  is  the  hardest  problem  of  Highway  Engineering.  This 
selection  is  often  simplified  by  local  prejudice,  commercial  interest 
or  clever  propaganda  but  purely  as  a  matter  of  academic  interest 
we  will  discuss  the  matter  from  the  standpoint  of  the  millemium. 

A  reasonable  decision  depends  on  the  requirements  of  the  location, 
traffic,  first  cost,  maintenance  and  renewal.  Where  the  road  is 
located  in  a  village  the  elements  of  appearance,  cleanliness,  etc., 
have  an  important  bearing.  Where,  it  is  strictly  a  rural  road  looks 
have  small  effect  and  first  cost  usually  governs.  A  large  volume 
of  extremely  heavy  load  traffic  makes  a  rigid  type  desirable  and  safe 
footing  for  team  traffic  limits  the  use  of  many  pavements  on  steep 
grades.  The  relative  economy  of  different  pavements  is  theoretic- 
ally expressed  by  the  sum  of  the  first  cost  and  the  capitalized  cost 
of  maintenance  and  renewal.  The  first  can  be  readily  estimated 
but  the  cost  of  maintenance  and  renewal  can  not  be  ^gured  with 
any  degree  of  accuracy  for  single  special  cases  and  even  on  large 
systems  it  can  only  be  approximated  on  account  of  the  uncertainty 
of  future  labor  and  material  costs  and  the  inadequate  and  spas- 
modic legislative  finance  programs  for  the  upkeep  of  highways. 

As  stated  in  the  introduction  we  believe  that  after  the  large 
decision  has  been  made  as  to  whether  a  rigid  or  flexible  t}^e  is 
advisable,  that  the  selection  of  special  styles  of  construction  within 
these  classes  has  very  little  effect  on  the  final  cost  of  maintenance 
and  renewal  and  that  the  problem  can  be  confined  to  which  of  the 
types  will  utilize  local  materials  to  the  best  advantage  and  will  be 
the  cheapest  in  first  cost,  except  as  modified  by  footing  on  grades 
or  appearance  in  villages  and  city  streets  which  only  applies  to  a 
limited  mileage.  The  decision  as  to  general  type  depends  on  the 
kind  and  volume  of  traffic.  On  any  iroad  the  amount  and  class  of 
traffic  will  fluctuate  and  roads  that  are  designed  for  light  travel 
will  often  fail  under  temporary  heavy  traffic  which  for  some  reason 
is  diverted  from  its  normal  course.  The  first  improved  roads  in 
any  locality  will  for  a  time  carry  more  than  their  share  of  the  travel 
which  is  naturally  reduced  by  the  subsequent  construction  of 
adjacent  improvements  or  may  be  increased  by  the  linking  up 
of  isolated  improvements  into  a  continuous  route  of  improved 
roads  between  large  centers  of  population.    It  can  be  readily  seen 
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that  it  is  difficult  to  judge  the  amount  of  traffic  a  road  will  handle 
and  that  a  short  time  traffic  estimate  is  valueless  as  a  basis  for  a 
definite  conclusion.  The  design  of  the  top  course  is  usually  based 
on  a  comparison  of  the  action  of  different  kinds  of  previously 
built  roads  that  serve  districts  similar  to  that  under  consideration 
and  this  can  be  better  determined  by  a  study  of  the  locality  than  by 
a  localized  traffic  census.  Roads  on  which  high  t3rpe  macadams 
or  rigid  pavements  are  suitable  may  be  divided  into  four  general 
traffic  classes. 

Class  I, — Main  trunk  roads  between  large  cities  along  natural 
transportation  routes  which  accommodate  through  truck  freight 
traffic.  Main  radial  roads  from  5  to  20  miles  out  of  cities  of  say 
50,000  and  upward  and  in  the  business  section  of  villages  which 
carry  the  concentrated  farm  and  truck  traffic  of  a  large  area  and 
are  subjected  to-  continuous  heavy  load  travel. 

Class  II, — Main  through  automobile  pleasure  routes  at  greater 
distances  from  the  cities  which  have  a  large  touring  car  traffic  and 
medium  heavy  farm  traffic  and  some  heavy  trucking. 

Class  III, — Secondary  or  feeder  roads  and  cross  roads  having  a 
medium  heavy  farm  traffic  and  light  auto  travel. 

Class  IV. — Pleasure  or  scenic  roads  that  carry  a  large  number  of 
pleasure  autos  but  light  street  tire  traffic. 

Class  I  roads  are  better  served  by  rigid  pavements.  Classes  II, 
III  and  IV  by  flexible  types. 

Rigid  pavements  |are  economical  on  perhaps  10%  of  the  mile- 
age of  improved  roads  that  will  be  undertaken  in  the  U.  S. 
during  this  decade.  They  are  destroyed  by  the  action  of  the 
elements  more  than  by  traffic.  They  crack  due  to  the  settlement 
of  new  fills  and  frost  heave;  they  shatter  due  to  changes  in  tem- 
perature; they  are  harsh  for  horse  traffic;  they  are  comparatively 
difficult  to  repair  and  are  prohibitive  in  first  cost  except  for  rich  com- 
munities. They  however  handle  heavy  auto  trucking  more  sat- 
isfactorily than  macadam  construction.  They  need  comparatively 
little  surface  maintenance  and  for  this  reason  traffic  is  inconven- 
ienced less  than  on  macadams;  they  last  aionger  period  without  re- 
construction than  macadams  and  traffic  is  therefore  interrupted 
less;  they  bridge  over  small  areas  of  weakness  in  the  sub-grade, 
culvert,  backfills,  etc.,  better  than  macadams.  There  is  no  question 
but  that  they  are  desirable  on  Class  I  traffic  roads.  Under  Class 
II  traffic  however  from  an  economic  point  of  view  their  selection 
is  doubtful  if  macadam  materials  are  available.  Where  they  are 
used  it  is  merely  a  tacit  admission  that  the  road  authorities  can  not 
handle  macadam  maintenance  and  adopt  the  rigid  type  to  tide 
over  their  terms  of  office.  The  flexible  macadam  type  complies 
better  with  the  usual  conditions.  It  is  generally  cheaper  in  first 
cost,  is  not  seriously  damaged  by  settlement  of  new  grading  or 
frost  heave;  can  be  easily  repaired;  can  be  gradually  strengthened  by 
the  addition  of  stone  to  meet  practically  any  loading  and  when 
necessary  can  be  recapped  with  a  higher  grade  surface  which  rids  it 
of  the  continuous  maintenance  drawback.    Macadam  surfaces 
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however  require  continuous  maintenance  and  more  frequent  re- 
construction and  are  the  victims  of  a  poor  maintenance  S3rstem. 
This  last  is  the  real  reason  for  most  of  the  dissatisfaction  with 
macadam  roads  and  results  in  the  harsh  verdict  of  the  doggerel. 

••  Who  builds  a  road  for  fifty  years  that  disappears  in  two, 
Then  changes  his  identity  so  no  one's  left  to  sue. 
Who  covers  all  the  traveled  way  with  a  filthy  oily  smear. 
The  bump  providing  rough  on  riding  Highway  Engineer." 

This  chapter  describes  the  advantages  and  disadvantages  of 
the  various  types.  The  preceding  discussion  and  Table  22,  page 
190,  indicate  in  a  general  way  their  economic  limitations.  The 
costs  given  are  relative  only  and  apply  to  New  York  conditions 
during  1910  to  191 4,  Labor  $0,175  to  $0.20  per  hour.  Teams 
I4.50  to  $5.00  per  day  and  cement  approx.  $1.20  net.  Most  of 
the  cost  data  given  in  Chapter  XIV  is  for  the  same  period.  Main- 
tenance methods  are  discussed  in  Chapter  VII. 


WATERBOUND  MACADAM 

Waterbound  macadam  is  constructed  of  crushed  fragments  of 
suitable  rock  filled  with  rock  dust  and  sprinkled  and  rolled  until 
firm  and  hard.  The  cost  varies  from  about  $3.50  per  cubic  yard 
where  local  materials  are  available  to  $6.00  where  the  stone  is 
imported  and  the  haul  is  long.  A  fair  average  price  for  roads  in 
Western  New  York  would  be  $4.30  per  cubic  yard  or  $0.35  per 
square  yard  for  a  3"  consolidated  dei)th. 

Depth  of  Course. — As  the  top  stone  is  relatively  more  expensive 
than  the  bottom  course  a  good  design  calls  for  the  least  thickness 
of  top  which  can  be  successfully  constructed  and  maintained. 

In  1 90 1  the  thickness  used  for  top-course  macadam  in  Massa- 
chusetts, New  York,  Connecticut,  and  New  Jersey  was  2",  and 
the  size  of  the  top  course  stone  fragments  ranged  from  )^"  to  i  J^" 
in  Massachusetts  to  i"  to  2"  in  New  York.  Experience  demon- 
strated that  with  a  course  as  thin  as  2",  the  larger  stone  fragments 
tended  to  "kick  out"  under  traffic  and  that  the  top  wore  out  by 
raveling  rather  than  by  the  abrasive  action  of  the  teaming.  For 
this  reason  the  best  practice  at  i>resent  calls  for  a  3"  depth  of  finished 
top  course,  using  stone  ranging  in  size  from  i  J^"  to  2^4";  this  depth 
makes  it  possible  for  the  large  stone  fragments  to  interlock  more 
firmly  than  in  a  2"  course.  Where  a  pit  run  gravel  bottom  course 
is  used  a  4''  depth  of  top  is  desirable  on  Class  II  roads. 

Crowns. — The  crowns  used  on  plain  macadam  range  from  J^"  to 
i',  to  Ji"  to  i'.  Mr.  Charles  Mills,  Chief  Engineer  of  the  Massa- 
chusetts Highway  Commission  reports  the  following  loss  of  crown 
on  State  roads  in  Massachusetts  and  concludes  that  an  original 
crown  of  ^"  to  i'  is  advisable  on  single  track  roads  and  M"  to  i' 
on  double  track  roads.  New  York  practice  favors  %"  to  i',  on 
10'  to  14'  width  of  metaling  and  J^"  to  i'  on  16'  to  20'  pavement 
widths. 
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Table  21B. — ^Tests  Made  in  Decembes,  1901 


Date  of  Ori^nal 
Construction 

Number  of 
Teste 

Original  Crown 
(Inches  per  Foot) 

Present  Crown 
(Inches  per  Foot) 

1895 
1896 

1897 

.  1898 

1899 

7 

9 
12 

7 
2 

0.694 

0.583 
0.645 

0.625 

0.688 

•     0^500 

0.514 
0.500 
0.500 
0.625 

From  the  Massachusetts  Highway  Report  for  1901. 

Maximum  Grades. — Waterbound  macadam  gives  a  good  footing 
for  horses  on  the  steepest  grades  that  are  ever  constructed;  the  limit 
of  grade  for  this  construction  is  determined  by  the  cost  of  mainte- 
nance; on  steep  grades  macadam  washes  badly  and  the  cost  of 
maintenance  is  high.  Good  practice  limits  its  use  to  grades  of 
5%  or  under,  although  it  has  been  used  and  maintained  success- 
fully on  grades  as  high  as  12%. 

Advantages  and  Disadvantages. — ^Waterbound  macadam  does 
not  require  particularly  rigid  inspection  during  construction  and 
can  be  built  under  almost  any  weather  conditions  except  freezing. 
By  its  method  of  construction  the  voids  between  the  large  stone 
fragments  are  completely  filled  with  solid  material  and  there  is  no 
tendency  to  squeeze  or  creep  as  in  some  of  the  asphaltic  macadams. 
If  carefully  built  it  maintains  its  longitudinal  and  transverse  shape 
and  is  an  easy  riding  road  for  both  team  and  motor  traffic. 

Plain  waterbound  roads  generally  loosen  up  during  the  spring 
thaw  and  if  subjected  to  much  traffic  at  this  time  are  liable  to  ravel. 
This  trouble  is  not  experienced  with  the  bituminous  macadams. 
Under  heavy  automobile  traffic  a  plain  waterbound  macadam  is 
not  satisfactory  as  the  machines  remove  the  fine  dust  particles 
between  the  larger  stones,  leaving  a  rough  surface  which  *'  kicks 
out"  under  team  traffic.  For  this  reason  waterbound  roads  which 
are  receiving  much  motor  traffic  are  generally  being  treated  with 
some  kind  of  a  dust  layer  or  a  bituminous  protecting  coat,  that  will 
better  resist  the  wear  of  automobile  travel. 

Waterbound  Roads  Treated  with  Dust  Layers  or  Ptotected  by 
Flush  Coats. — If  waterbound  macadam  is  kept  moist  by  sprinkling 
with  water,  rapid  disintegration  under  light  machine  traffic, 
traveling  at  memum  speeds  is  prevented.  For  light  traffic,  city  or 
village  streets,  this  is  feasible,  but  the  cost  of  sprinkling  long 
stretches  of  country  roads  is  prohibitive,  and  where  the  speed  is 
high,  as  usually  occurs  on  the  main  improved  country  roads, 
sprinkling  alone  will  not  satisfactorily  protect  a  plain  .macadam. 

The  application  of  calcium  chloride '  to  a  road  surface  keeps  the 
dust  down  for  a  longer  period  than  sprinkling  with  water,  as  this  salt 

^We  are  indebted  to  Mr.  Frank  Bristow,  Superintendent  of  Repairs. 
New  York  State  Department  of  Highways,  for  much  of  the  data  on  calcium, 
chloride,  glutrin  and  cold  oiling. 
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has  the  property  of  absorbing  moisture  from  the  atmosphere  and 
condensmg  it  on  the  road  surface;  on  side  roads  two  applications 
a  season  have  kept  the  surface  in  good  condition.  The  salt  is 
applied  with  an  ordinary  agricultural  drill,  using  about  i^  pounds 
per  square  yard  for  the  first  application  and  less  for  the  succeeding 
applications.  In  Western  New  York  the  cost  of  the  first  applica- 
tion 12'  wide  has  been  approximately  $100  per  mile.  Complaints 
have  been  made  that  the  application  of  too  much  calcium  chloride 
has  caused  soreness  to  horses'  feet,  but  using  the  quantities  given 
above,  no  trouble  has  been  experienced,  to  the  writer's  knowledge. 

The  application  of  calcium  chloride  does  not  build  up  the  road 
or  form  a  wearing  cushion  that  protects  the  stone;  it  merely  prevents 
the  fine  surface  dust  from  being  blown  away  or  removed  by  the 
machines. 

Glutrin. — Glutrin  is  a  trade  name  for  the  liquid  which  is  run  out 
of  sulphide  tanks  in  the  manufacture  of  pulp;  it  is  distilled  and  the 
acids  neutralized.  It  resembles  molasses  in  color  and  consistency, 
is  soluble  in  water,  and  is  applied  by  sprinkling  the  surface  of  the 
road  with  one  part  glutrin  dissolved  in  one  or  more  parts  of  water, 
using  from  0.3  to  0.5  gallons  of  the  glutrin  mixture  per  square 
yard  treated.  The  road  surface  need  not  be  swept  if  the  dust  is 
not  more  than  }^"  deep.  It  hardens  the  surface  to  a  certain  extent, 
and,  apparently,  prevents  raveling  if  applied  twice  during  a  season 
on  roads  receiving  a  moderately  heavy  traffic.  According  to 
Hubbard  an  addition  of  5%  to  15%  of  semiasphaltic  oil  to  the 
glutrin  prolongs  its  efficiency,  but  such  an  addition  tends  to  produce 
an  oily  mud  in  continued  wet  weather;  glutrin  alone  does  not  produce 
this  objectionable  condition.  Glutrin  has  been  laid  in  New  York 
State  under  an  agreement  with  the  Robeson  Process  Company  of 
Ausable  Forks,  at  a  cost  of  $0.04}^  to  $0.06)^  per  square  yard 
of  surface  actually  treated. 

Cold  Oiling. — Macadam  surfaces  treated  with  light  refined  tar  or 
asphaltic  oil  give  a  nearly  ideal  surface  after  the  slippery,  sticky 
condition  has  disappeared. 

The  road  to  be  treated  is  swept  clean  of  dust  and  the  oil  is  applied 
by  pressure  sprinklers,  using  from  o.i  to  0.3  gallons  per  square 
yard.  The  surface  may  be  dry  or  slightly  moist  when  the  oil  is 
applied.  It  is  then  covered  with  a  good  quality  of  pea  gravel, 
stone  or  slag  screenings  or  a  sharp,  coarse  sand.  In  Western  New 
York  the  cost  has  ranged  from  $0.02  to  $0.04  per  square  yard, 
including  sweeping,  materials  (oil  and  cover)  and  the  labor  of 
placing. 

To  derive  a  season's  benefit  from  the  application  of  light  oil 
or  tar,  the  surface  of  the  macadam  must  by  thoroughly  impregnated 
with  the  bitumen.  Some  of  the  lighter  oils  will  evaporate.  The 
cover  will  absorb  some  more.  To  get  the  greatest  degree  of  satura- 
tion of  road  surface  therefore,  with  a  resultant  freedom  from  dust 
and  disintegration,  the  cover  should  be  the  smallest  amount  of  stone 
that  will  smooth  out  or  eradicate  that  "toothy"  or  mosaic"  effect 
of  small  shallow  voids  between  the  firmly  locked  top  stone  (see 
page  ao2). 
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On  medium  traffic  roads  (Class  II)  one  application  a  season 
is  sufficient  and  on  light  traffic  roads  (Class  III)  one  application 
will  sometimes  last  for  two  seasons. 

Hot  Tar  and  Asphalttc  Residuum  Flush  Coats. — Bituminous 
flush  coats  are  applied  by  sweeping  the  macadam  carefully  to 
remove  all  surface  dirt  as  well  as  the  stone  or  sand  filler  to  a  depth 
of  about  J^"  below  the  top  of  the  larger  stone  fragments.  On 
this  rough,  clean,  dry  surface  a  heavy  refined  tar  or  a  bituminous 
residuum  of  the  binder  grade  is  spread  hot,  using  from  0.2  to  0.8 
gallons  per  square  yard.  The  binder  is  applied  at  temperatures 
ranging  from  250*^  to  4oo*^F.,  and  is  spread  either  by  hand  sprinkling 
pots  or  is  sprayed  on  by  specially  devised  pressure .  sprinklers. 
It  is  then  covered  with  a  layer  of  clean  No.  2  stone  ( J^'O  or  dustless 
screenings  and  thoroughly  rolled.  A  well  constructed  surface  of 
this  kind  resembles  asphalt.  It  protects  the  macadam  from  ravel- 
ing, is  waterproof,  forms  a  surface  which  takes  the  wear  of  the  traffic 
from  the  large  stone  fragments,  and  gives  a  pleasing  appearance. 
However,  it  cannot  be  laid  in  wet  or  cold  weather;  like  asphalt, 
it  is  slippery  and  will  not  give  satisfactory  footing  for  horses  on 
grades  over  4%,  and,  unless  laid  evenly,  will  develop  short,  sharp 
waves  or  humps,  which  are  very  disagreeable  for  fast-moving 
automobile  traffic.  Some  engineers  advance  the  argument  that  by 
successive  applications  of  such  a  flush  coat  a  road  can  be  maintained 
indefinitely  without  recapping,  but  as  far  as  the  writer  has  been  able 
to  observe,  the  roads  become  so  humpy  from  continued  treatment 
of  this  kind  that  recapping  will  be  necessary  to  even  up  the  surface 
on  the  score  of  comfort  alone. 

The  use  of  hot  tar  application  on  a  concrete  road  will  be  discussed 
on  page  178.  For  use  on  an  existing  macadam  road  as  repair, 
the  authors  believe  that  there  is  just  one  condition  where  a  hot 
application  should  be  specified';  where  an  old  road  has  begun  to 
disintegrate  unexpectedly,  has  passed  the  stage  where  cold  oiling 
would  rejuvenate  it  and  funds  are  not  available  in  the  current  year 
for  resurfacing,  then  the  hot  oil  or  tar  treatment  may  be  used  as  a 
stop-gap  to  save  it  from  complete  disintegration  for  another  year. 

The  cost  of  flush  coats  exclusive  of  covering  ranges  from  $0.12 
to  $0.16  per  gallon,  or  about  $0.09  per  square  yard.  If  applied  to  a 
macadam  road  during  construction  the  cost  of  the  plain  macadam 
is  increased  approximately  $0.10  per  square  yard,  making  $0.45 

Cer  square  yard  a  fair  comparative  figure  for  flush  coat  and  water- 
ound  macadam  construction. 

The  crown  ordinarily  used  on  flush  coat  roads  is  J^"  to  i'. 
All  bituminous  binders  have  the  following  practical  disadvantages 
whether  applied  as  surface  coats  or  as  oinders  in  bituminous 
macadams.  The  composition  of  residuum  products  is  so  complex 
and  so  easily  varied  that,  to  get  uniform  results,  each  shipment 
must  be  sampled  and  analyzed  to  insure  certain  required  properties. 
In  heating,  care  must  be  taken  not  to  char  the  binder,  as  this 
destroys  its  life  and  efltectiveness.  They  can  not  be  applied  in  wet 
or  cold  weather,  which  reduces  the  length  of  the  construction 
season,  and  unless  evenly  spread  a  rough,  humpy  road  results. 
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Bitcimlnoias  Macadam. — Bituminous  macadams  are  constructed 
in  two  ways,  by  the  penetration  method  and  by  the  mixing  method. 

Pmietratioii  Method. — Most  of  the  bituminous  roads  in  New  York 
State  have  been  built  by  this  method. 

ITie  larger  stone  fragments,  ranging  in  size  from  i"  to  2"  to  2)^", 
depending  on  the  depth  of  the  course,  are  spread  and  rolled;  a 
heavy  grade  of  rehned  tar,  residuum  bituminous  material,  or 
fluxed  natural  asphalt,  is  then  poured  hot,  either  by  hand  or 
machines  (see  footnote)  into  the  voids  of  the  stone  so  that  the 
stone  fragments  are  covered  with  a  thin  coat  of  bituminous  material; 
No.  2  stone,  or  dustless  screenings  are  spread  over  the  surface  and 
broomed  and  roUed  until  the  voids  are  filled;  if  a  flush  coat  is  to  be 
used  the  excess  filler  is  broomed  off  and  the  surface  applied  in  the 
same  manner  as  described  for  plain  macadam.  Where  the  flush 
coat  is  not  applied,  a  wearing  coat  of  dean  screenings  is  spread  over 
the  surface. 

The  amount  of  bituminous  material  used  as  binder  varies  from 
1.25  gallons  to  1.75  gallons  per  square  yard,  depending  on  the  depth 
of  the  course.  The  amount  used  for  flush  coats  ranges  from  0.2 
to  0.5  gallons  per  square  yard. 

The  cost  of  oneH:oat  2"  bituminous  top,  using  1.25  gallons  per 
square  yard,  will  range  from  $0.35  to  $0.45  and  a  3"  one-coat 
top,  using  1.75  gallons  per  square  yard  from  $0.50  to  $0.60  a  square 
yard.  The  flush  coat  using  0.4  gallons  per  square  yard  will  add 
about  $0.06  to  the  above  costs.  For  the  purpose  of  comparison 
with  the  macadam  a  fair  set  of  prices  is 

2"  Bituminous  top,  one  coat  of  bitumen $0 .  40  per  sq.  yd. 

2"  "  "    flush  coat 0.4s   "     "    " 

3"  "  "    one  coat  of  bitumen 0.55   "     "    " 

3"  "  "    flush  coat '....     0.60  "     "    " 

Depth  of  Top  Courses  for  Bituminous  Macadams. — In  1910 
New  York  State  adopted  a  depth  of  2  '  using  1.25  gallons  as  binder 
and  0.5  gallon  as  flush  coat  per  square  yard. 

In  19 n  a  3"  depth  was  used  with  1.25  gallons  per  square  yard 
as  binder >and  0.4  gallon  as  flush  coat. 

In  191 5  a  3"  depth  was  used  with  1.75  gallons  as  binder  and  0.5 
gallon  as  flu^  coat. 

A  2"  bituminous  top  will  not  fail  by  raveling,  the  defect  men- 
tioned for  a  2"  waterbound  macadam  course,  but  it  has  certain 
constructional  difficulties.  To  construct  a  2"  course  no  stone  should 
be  over  2"  in  its  largest  dimension.    Because  of  the  tendency  to 

The  author  has  had  better  success  with  hand  pouring  for  the  first  coat 
than  with  machine  work.  For  flush  coats,  however,  a  pressure  machine  is 
absolutely  necessary.  If  bitumen  is  poured  by  hand  it  must  be  poured 
across  the  road  (never  along  the  road)  as  this  method  of  work  largely  elimi- 
nates humps  formed  by  overlap.  It  is  much  easier  to  control  the  hand  spread 
than  the  machine  spread  as  to  amounts  and  the  stone  spread  is  not  disturbed 
or  rutted  up  during  the  pouring.  While  the  machine  spread  is  uniform 
this  is  in  itself  a  drawback  on  the  first  coat  as  the  rough  stone  sizing  is  never 
uniform  and  a  hand  spread  can  be  varied  to  conform  to  the  non-uniformity 
of  the  stone  sizing. 
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crack  under  concentrated  wheel  loads,  none  of  the  stone  forming 
the  main  body  of  the  course  should  Be  less  than  one  inch  in  size. 
These  limits  of  size  are  so  narrow  that  difficulty  has  been  experienced 
in  procuring  sufficient  stone  for  top  when  crushing  local  material, 
and  even  when  the  stone  is  obtained  from  a  commercial  plant 
the  same  difficulty  is  often  encountered.  Also  in  spreading  such 
a  depth  with  stone  ranging  in  size  from  i"  to  2",  there  will  be  places 
where  the  metaling  is  only  one  stone  deep  and  the  fragments  do 
not  fit  as  closely  together  nor  have  the  same  chance  to  interlock 
as  in  a  deeper  course.  The  spaces  between  these  stones  are  filled 
with  No.  2  (Ji")  size,  which  wears  more  rapidly  under  traffic 
than  the  larger  pieces  and  the  road  tends  to  b€K:ome  rougher  than 
would  occur  if  the  iH"  stone  fitted  dloser  together.*  This  last 
'  argument  does  not  apply  to  flush  coat  roads. 

The  argument  is  often  made  that  a  3"  top  will  last  one  and  one- 
half  times  as  long  as  a  ^"  top  because  it  has  one  and  one-half  times 
as  much  material,  but  the  life  of  a  top  course  rarely  depends  on  its 
total  thickness,  as  it  will  become  so  badly  out  of  shape  before  the 
general  elevation  has  worn  down  an  inch  that  it  will  need 
recapping. 

In  attempting  to  meet  these  difficulties,  2]^'  and  3"  courses  have 
been  built;  as  far  as  the  author  has  been  able  to  judge,  the  2)^" 
depth  remedies  the  defects,  and  can  be  used  where  imported  com- 
mercial crushed  stone  is  available,  but  where  the  stone  is  crushed 
locally  a  3"  depth  is  better  with  a  slightly  greater  range  in  top  stone 
size. 

When  pouring  bitumen  in  the  penetration  method,  a  pocket  of 
fine  stone,  dirt,  etc.,  will  sometimes  hold  the  binder  near  the  top 
in  too  great  quantities;  during  hot  weather  the  bitumen  swells  and, 
as  the  voids  are  full  in  {hese  spots,  it  rises  to  the  surface  and  forms  a 
hump  or  wave.  This  trouble  is  not  so  frequent  on  either  2  J^" 
or  3    courses  as  on  the  2"  depth. 

The  writer's  present  opinion  is  that  whDe  a  2H"  depth,  using 
about  1.4  gallons  bitumen  per  ^uare  yard  in  one  coat,  will  give 
satisfaction  that  a  3''  depth  using  1.7  gallons  in  one  pour  is  better 
practice  on  a  macadam  bottom.  On  a  pit  run  gravel  bottom 
3H"  with  1.8  gallons  of  bitumen  is  desirable.  Where  bituminous 
macadam  is  used  to  resurface  an  old  worn  out  concrete  road  on 
steep  grades  3"  to  3H"  is  Uie  best  depth. 

Crowns. — ^The  crowns  used  on  bituminous  macadams  range 
from  J4"  to  I '  to  Ji"  to  i';  K"  to  i'  is  generally  used  and  is  ap- 
parently satisfactory. 

Footing. — A  single  coat  road  affords  good  footing  on  any  grade 
that  will  be  adopted  as  suitable  for  heavy  hauling;  such  a  top 
course  will  not  wash,  which  makes  it  easy  to  maintain  on  hills. 

Advantages  and  Disadvantages. — Bituminous  macadam  without 
a  flush  coat  provides  good  footing  for  horses;  it  will  not  ravel,  is 
easy  to  repair  for  small  depressions  and  ruts,  is  comparatively 
dustless  and  keeps  its  longitudinal  and  transverse  shape  well, 
making  a  comfortable  riding  road  for  fast  travel.  On  the  other 
hand,  it  will  probably  wear  more  rapidly  than  the  flush  coat 
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construction  as  the  traffic  comes  directly  on  the  stone;  it  is  subject 
to  the  practical  disadvantages  of  construction  of  all  roads  where 
bituminous  materials  are  used;  it  is  not  waterproof  when  first 
constructed;  this  last  defect,  however,  is  remedied  by  the  traffic 
which  grinds  up  the  surface  wearing  coat  and  forces  it  into  the 
voids.  As  a  matter  of  fact,  the  combined  action  of  traffic  and 
weather  puddles  the  road,  and  after  about  six  weeks'  use  we  can 
say  that  the  road'  has  a  bituminous  bond  and  a  water-puddle 
finish. 

Flush  coat  bituminous  macadams  are  more  dustless  than  the 
single  coat,  are  more  nearly  waterproof  when  first  built,  look 
smoother  at  first,  and  will  probably  cost  less  to  maintain.  How- 
ever, they  do  not  give  as  good  a  footing  as  the  single  cost  and  are 
liable  to  develop  waves  and  humps  disagreeable  to  fast  traffic. 

If  a  flush  coat  is  used  there  seems  to  be  no  advantages  in  a  bitu- 
minous binder,  as  the  flush  coat  alone  prevents  raveling,  and,  if 
such  is  the  case,  the  binder  used  throughout  the  depth  of  the 
course  is  a  waste  of  money;  a  waterbound  bituminous  flush  coat 
course  might  better  be  used.  In  choosing  between  a  flush  coat 
construction  or  a  single  coat  bituminous  macadam,  the  author 
believes  that  a  single  cost  bituminous  macadam  is  the  better 
design;  although  it  will  probably  cost  more  to  maintain,  the  in- 
creased safety  and  comfort  to  the  traveling  public  is  worth  the  expen- 
diture.    Unusual  care  in  construction  is  required  (see  Chapter  XV). 

Gravel  Bituminous  Top. — A  gravel  bituminous  bound  top  is 
rarely  satisfactory  as  it  lacks  the  interlocking  action  of  broken 
stone  which  increases  the  stability  of  construction.  The  use  of 
this  type  is  not  advised. 

Mixuig  Method — Open  Mix.  Type  I, — ^The  stone  and  bitumen 
are  mixed  hot  in  specially  designed  machine  mixers.  The  mixture 
is  then  spread  in  the  same  way  as  sheet  asphalt.  A  flush  coat  can  be 
used  if  desired.  The  1915  New  York  State  specifications  call  for 
No.  2  stone  (5^"  to  iJi"};  when  finished  thickness  is  to  be  2"  or 
less  and  a  mixture  of  No.  2  and  No.  3  stone  (ij^"  to  2Ji");  when 
finished  top  course  is  greater  than  2",  the  stone  to  be  proportioned 
as  directed  by  the  engineer.  Approximately  18  gallons  of  bitu- 
minous material  to  each  cubic  yard  of  loose  stone,  i 

In  this  "open"  mix,  it  is  unavoidable  that  pockets  of  mixed  top 
material  will  be  placed  which  have  a  greater  percentage  of  voids 
than  the.average.  Whether  or  not  a  seal  coat  is  used,  these  pockets 
will  wear  more  rapidly  than  the  surrounding  pavement.  In  a  simi- 
lar manner,  variations  in  the  size  of  the  stone  will  cause  uneven 
wear.  Both  conditions  tend  to  produce  a  humpy  pavement  after 
some  use,  but  generally  a  smoother  riding  road  is  produced  than  is 
attained  with  carelessly  built  penetration  roads. 

Mixing  Method— "Tight  Mix"  or  "Topeka."  Type  H— The 
stone,  sand  and  bitumen  are  mixed  hot  in  specially  designed  ma- 
chine mixers.  The  mixture  is  then  spread  in  the  same  way  as  sheet 
asphalt.  The  thickness  varies  according  to  the  foundation.  It 
is  generally  a  consolidated  depth  of  2"  on  a  concrete  foundation 
and  2  J^"  on  a  firm  macadam  foundation.    The  various  sizes  of  the 
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•mineral  aggregate  and  the  percentages  of  each  are  specified  within 
certain  limits  varying  slightly  to  meet  gradations  peculiar  to  the 
material  available  (see  specifications,  page  781). 

Because  of  the  fine  aggregate  used  in  work  of  this  type,  there  is 
-  not  sufficient  stability  to  withstand  a  mixed  traffic  and  the  surface 
ultimately  forms  in  disagreeable  waves. 

Attempts  have  been  made  to  prevent  this  waving  by  using  a 
high  penetration  asphaltic  cement  which  will  permit  the  pavement 
to  iron  itself  out.  However,  if  a  heavy  slow-moving  traffic  be 
carried  on  this  type  of  road,  the  surface  will  rut. 

Apparently,  the  best  results  in  mixed  bituminous  macadam  have 
been  secured  when  the  coarse  aggregate  was  used — stone  between 
three-quarter  inch  and  one  and  one-half  inches  in  size,  which  were 
filled  with  a  matrix  of  fine  material  of  sand  and  bituminous  mate- 
rial. Such  pavements  have  sufficient  "body"  to  materially  de- 
crease the  "creeping"  under  use  and  take  a  more  even  wear  than 
the  open  mixed  type.  Where  used  to  recap  an  old  concrete  or 
macadam  road  an  open  binder  coat  is  desirable  to  even  up  the  old 
surface  and  allow  a  uniform  depth  of  suHace  mix. 

The  prices  for  this  type  of  top  course  run  from 

Type  I,    $0,615  ^    $1,105  ;<      J 

Type  II,  «a6o  *°  jTiJ  ^'  ^"""  ^"'^ 

Natural  Rock  Asphalts. — Sandstones  and  limestones  containing 
a  certain  percentage  of  bitumen  are  known  as  rock  asphalts.  The 
most  common  source  of  supply  for  the  Eastern  States  is  Kentucky, 
and  the  product  is  known  as  "  Kentucky  Rock  Asphalt."  It  is  a 
sandstone  containing  about  f%  to  10%  of  maltha.  It  is  pulverized 
at  the  mine  and  is  shipped  and  applied  cold  in  the  following  manner: 
2"  to  2K"  of  stone,  ranging  in  size  from  J^"  to  iK">  are  spread  and 
rolled  slightly.  The  rock  asphalt  is  run  through  a  shredding  ma- 
chine and  spread  over  the  stone,  using  approximately  40  lb.  per 
square  yard.  The  whole  mass  is  the  thoroughly  rolled,  preferably 
with  a  6-  or  8-ton  tandem  roller;  40  lb.  per  square  3rard  of  pure  rock 
asphalt  is  then  spread  as  a  wearing  coat  and  well  rolled;  the  rolling 
is  continued  intermittently  for  a  number  of  days  after  the  traffic  is 
turned  on  the  road.  The  cost  of  such  a  course  has  been  about  $0. 70 
per  square  yard  in  Western  New  York. 

The  crown  ordinarily  used  is  J^"  to  1'. 

Advantages  and  Disadvantages. — ^The  road  is  {^easing  in  appear- 
ance, is  not  as  slippery  as  sheet  asphalt,  and  will  not  ravel  under 
motor  traffic.  However,  it  is  hard  to  construct  in  cold  weather, 
is  not  uniform,  and  will  ravel  in  spots.  It  has  defects  in  common 
with  sheet  asphalt  of  showing  wear  by  developing  short  humps  and 
hollows  disagreeable  to  fast  traffic.  The  steepest  grade  on  which 
it  can  be  used  advantageously  is  about  5%,  as  it  becomes  slippery 
in  cold  weather,  and  in  warm  weather  it  sometimes  softens  enough 
to  make  hard  pulling  for  heavy  loads. 

Axniesite. — ^Amiesite,  a  patented  material  made  of  crushed  stone 
coated  with  asphaltic  cement,  has  been  used  on  many  miles  of 
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road  with  good  results.  It  is  shipped  cold  in  a  friable  and  granu- 
lated state,  spread  on  either  macadam  or  concrete  base  and  well 
rolled.  Amiesite  screenings  are  then  spread  and  rolled,  forming 
the  surface.  This  construction  costs  about  $1.00  per  square  yard, 
3"  thick.  It  resembles  asphalt  in  appearance  and  has  the  advan- 
tages and  disadvantages  of  all  roads  of  this  class.  It  is  particularly 
adapted  for  small  jobs  where  it  would  not  pay  to  set  up  an  asphalt 
plant  or  where  suitable  asphalt  materials  are  not  locally  available. 

For  further  information,  see  Chapter  on  ''Cost  Data  and 
Specifications. " 

Other  Surfaces  of  a  Bituminous  Nature. — There  are  any  number 
of  patented  pavements  that  can  be  classed  under  this  head  to 
which  we  can  not  give  space. 

Sheet  Asphalt  and  Warren  Brothers'  Bitulithic  are  used  in 
unusual  cases,  but  constitute  such  a  small  percentage  of  the  mileage 
that  for  information  concerning  them  we  refer  the  readers  to  books 
by  Richardson,  Hubbard,  Tillotson,  etc.  We  include  some  notes 
on  inspection  of  construction,  page  677. 

BRICK  PAVEMENT 

The  ordinary  brick  pavement  construction  is  probably  familiar 
to  most  readers.  On  a  concrete  foundation  5''  to  7"  in  thickness 
a  sand  cushion  var3ring  in  depth  from  i"  to  2"  is  spread  and  the 

Caving  brick  are  laid  on  this  sand  bed  so  as  to  break  joints;  the 
rick  are  well  rolled  and  the  joint&are  filled  with  sand,  cement  grout 
or  paving  pitch.  Longitudinal  expansion  joints  of  bituminous 
material  are  provided  next  to  the  curb  or  edging;  transverse 
expansion  joints  spaced  30'  to  50'  apart  are  used  by  some  designers. 
The  latest  practice  tends  to  make  the  cushion  as  thin  as  possible 
i"  to  I  H">  acting  merely  as  an  evener  of  the  concrete  surface.  It 
is  also  rare  to  find  any  material  but  cement  grout  used  for  filler 
though  this  tendency  is  not  necessarily  an  improvement.  The 
use  of  transverse  expansion  joints  is  being  relegated  to  the  back- 
ground but  this  also  is  open  to  argument.  Premolded  asphaltic 
strips  form  the  best  kind  of  expansion  joints  where  they  are  needed. 
In  the  last  few  years  the  former  theory  that  the  i  J^"  sand  cushion 
prevented  crushing  of  the  brick  and  gave  the  amount  of  resiliency 
necessary  to  a  pavement  of  this  type  has  been  disputed  and  ap- 
parently successfully  so,  by  the  increased  use  of  the  cement  sand 
cushion.  Upon  the  finished  concrete  base  a  bed  of  dry  cement 
and  sand  uniformly  mixed  in  the  proportion  of  one  part  cement  to 
four  parts  sand  is  spread  not  over  i"  deep.  This  cushion  is  shaped 
by  striking  with  a  template  and  finished  by  rollmg  with  a  hand 
roller  weighing  about  300  lb.  and  restruck  or  luted.  After  the  brick 
are  laid  theron,  culled  and  rolled,  the  pavement  is  thoroughly 
sprinkled  to  set  up  the  cement  sand  bed.  The  use  of  this  kind  of 
bed  undoubtedly  overcomes  the  loosening  of  bricks  near  cracks  or 
expansion  joints  and  prevents  shifting  of  the  sand  cushion  which 
sometimes  occurred  with  pure  sand  and  resulted  in  depressed 
areas.    It  is  possible  that  the  use  of  this  kind  of  a  cushion  in  con- 
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junction  with  bituminous  joint  filler  will  help  to  overcome  the 
serious  fault  of  surface  cracks  which  develop  under  frost  action. 

In  191 5  several  experimental  brick  pavements  were  constructed 
where  the  mortar  cushion  and  brick  were  laid  upon  concrete  which 
was  still  plastic.  The  concrete  foundation  was  shaped  by  a  tem- 
plate and  the  brick  laid,  inspected  and  rolled  before  the  cpment  had 
taken  its  initial  set.  This  is  immediately  followed  by  grouting. 
It  is  too  eariy  to  say  whether  or  not  this  so-called  "  monolithic  " 
construction  will  be  successful.  The  ejq>ense'  and  difficulty  of 
manipulation  are  increased  and  it  is  doubtful  if  any  material  advan- 
tages are  attained. 

Brick  pavement  construction  is  essentially  rigid,  intended  to 
withstand  heavy  traffic.  The  cost,  including  foundation  and  sur- 
facing, ranges  from  about  $1.60  to  $3.00  per  square  yard,  the 
average  price  in  Western  New  York  being  about  $2.00. 

Brick  pavements  on  heavy  traffic  roads  have  been  extensively 
used  in  Ohio  and  New  York.  Macadam  foundations  for  brick 
surfacing  have  not  proved  satisfactory  in  the  Northern  States, 
as  the  surface  is  too  rigid  and  cracks  under  the  heaving  action  of 
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Fig.  36. — Brick  pavement,  flush  edging. 

the  frost.  Even  on  a  concrete  foundation  longitudinal  cracks  often 
develop  from  this  same  action.  It  is  more  difficult  to  prevent  this 
on  country  roads  than  in  cities  where  the  sewers  keep  the  earth 
sub-grade  comparatively  dry,  and  the  necessity  for  a  centfer  drain 
under  the  concrete  base  is  being  recognized  by  many  designers. 
Some  engineers  believe  that  the  i  to  i  cement  grout  in  general 
use  is  too  strong,  and  that  if  a  weaker  grout  or  a  sand  filler  were 
adopted  in  its  place  the  heaving  frost  action  would  merely  separate 
the  bricks  slightly  instead  of  breaking  them  and  that  as  the  road 
settled  they  would  fall  back  into  close  contact.  This  is  an  attempt 
to  make  a  theoretically  rigid  construction  flexible  and  seems  to  be 
striving  to  adapt  the  construction  to  conditions  for  which  it  is 
not  fitted. 

Longitudinal  Cracks. — These  cracks  have  been  carefully  studied, 
as  they  seem  to  be  the  most  discouraging  feature  of  brick  pave- 
ment construction  on  country  roads. 

Mr.  Wm.  C.  Perkins,  Chief  Engineer  of  the  Dunn  Wire  Cut 
Lug  Brick  Company,  states  from  a  careful  examination  of^  a  large 
mileage  of  brick  roads  built  under  his  supervision,  that  longitudinal 
cracks  have  always  occurred  within  2'  or  3'  of  the  center  of  the 
road;  that  the  cracks  extend  down  through  the  concrete  base  and 
that  less  difficulty  is  experienced  in  preventing  them  as  the  crown  of 
the  pavement  is  reduced.     From  these  observations  he  has  been 
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led  to  experiment  with  a  concrete  base  having  a  perfectly  flat 
bottom,  as  shown  in  Figurq  36 A,  crowning  the  road  by  making  the 
concrete  thicker  in  the  middle  than  on  the  edges.  The  claim  is 
made  that  this  style  of  construction  is  helping  to  prevent  such 
cracks. 

Transverse  Expansion  Joints. — The  use  of  transverse  expansion 
joints  has  not  been  successful  locally.  Difficulty  has  been  expe- 
rienced with  the-  brick  loosening  at  these  joints,  and  whenever  a 
temperature  heave  has  occurred  it  has  appeared  at  the  joint. 
Then:  use  has  been  abandoned  for  rural  roads  in  Western  New 
York.  This  does  not  occur  with  a  cement  sand  bed  but  excessive 
wear  does  occur  at  such  a  joint. 
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Pig.  36A. 
CROWNS 

The  crowns  in  use  on  brick  pavements  range  from  J4"  to  1 
to  %'*  to  i'.  For  the  methods  of  figuring  ordinates  for  para- 
bolic crowns  see  page  551.  ^  - 
.  Brick  pavement  does  not  give  a  good  foothold  for  horses  on  grades 
above  5%  unless  some  special  form  of  brick  is  used.  For  steep 
grades,  on  heavy  traffic  roads,  it  is  better  practice  to  use  some  form 
of  stone  block. 

Stone  block  pavement,  including  concrete  foundation,  costs 
from  $2.70  to  $3.30  per  square  yard.  It  is  suitable  for  the  steepest 
grades  that  are  constructed  and  is  the  most  durable  pavement  that 
can  be  used. 

yP/fch  BxponihnJofnf- 
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Pig.  37. — Stone  block  pavement,  flush  edging. 

Where  stone  blocks  are  used  on  hills  it  is  better  practice  to  use 
second  quality  blocks;  these  blocks  are  identical  with  the  first 
quality  blocks  as  to  material  but  are  not  dressed  as  cairefully  and 
cost  about  fifty  cents  per  square  yard  less;  their  rougher  surfaces 
and  wider  joints  afford  better  iooting.  For  the  difference  in  size 
and  joints  see  specifications,  Medina  Block,  page  736. 

The  first  cost  of  brick  pavement  for  country  roads  restricts  its 
use  to  roads  where  it  can  be  conclusively  proved  that  macadam  will 
not  be  suitable.  It  is  a  reasonable  design  for  Class  I  traffic  in 
villages. 
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ASPHALT  BLOCK 

The  asphalt  block  pavement  laid  in  New  York  has  been  very 
satUfaetory.  The  proportion  of  ingredients  is  about  70%  crushed 
rock,  usually  trap,  which  has  passed  a  H"  nngi  about  20%  limestone 
dust  to  act  as  filler  and  approiimately  jo%  of  asphaltic  cement, 
molded  under  a  pressure  of  1  tons  per  square  inch  of  block  having 
a  2"  depth.  Tl^s  produces  a  dense  asphalt  much  superior  to  the 
ordinary  sheet. 

The  asphalt  used  is  Trinidad.  This  is  refined  and  fluxed  so  that 
the  resulting  A.  C.  may  be  varied  as  to  adhesiveness,  penetration, 
etc.,  to  meet  varying  conditions  peculiar  to  different  localities. 
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The  penetration  is  made  high  enough  to  give  a  certain  amount  of 
pliancy  to  the  block,  to  avoid  crumbling  at  the  edges  and  to  make 

lining  steel  anchors,  laid  across  the  road, 
sted  anv  movement  of  the 
i  placed  at  more  frequent 
intervals  on  curves.  Block  pavements  have  been  laid  using  a 
longitudinal  row  of  these  anchor  blocks  in  place  of  edging.  The 
results  appear  satisfactory. 

After  the  base  is  prepared  a  mixture  of  i  to  4  Portland  cement 
mortar  ie  ^iread  3^  m.  thick.  This  mortar  bed  is  carefully  screened 
and  the  block  laid  thereon,  joints  being  broken  at  least  4  in. 

An  interesting  comparison  with  brick  occurs  in  the  "pinning  in" 
at  curbs.  Instead  of  bats  being  broken  by  hand,  a  large  mechanical 
shear  is  used.     Each  fractional  block  is  measured  and  cut  to  fit 
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Asphalt  Block  Data 


Highway  No. 

County 

Mile- 
age 

Bottom           Top 
per  Sq.  Yd.  per  Sq.  Yd. 

Per  Mile 

5357 

Westchester 

0.95 

$0.61           $1 

49 

♦26,593 

5375 

(( 

1-34 

Old  Mac        I 

.69 

18,114 

5388 

Rockland 

2.16 

1 

70 

^27,025 

0.59          I 

70 

^32,525 

"53 

Niagara 

0.97 

0.60          I 

37 

^31,800 

5482 

Westchester 

1. 16 

0.66          I 

50 

29,270 

1167 

(( 

1.28 

0.61           I 

38 

24,245 

.    1053 

n 

1-45 

Old  Mac        I 

60 

21,205 

5528 

Warren 

0.61 

0.59          I 

60 

35,990 

5356 

Westchester 

0.53 

Old  Mac        I 

63 

*26,96o 

5361 

i< 

0.68 

0.61           I 

44 

^23,512 

5362 

It 

0.25 

0.67           I 

37 

25,569 

5364-A 

it 

0.31 

0.47           I 

47 

23,166 

5373 

it 

2.85 

0.58           I 

52 

Av.  0.599  Av.  : 

t.533 

>  Cost  £rotn  preliminary  estimate. 
All  costs  not  marked  with  *  from  bid  prices. 

After  being  laid,  the  pavement  is  given  a  light  coat  of  sharp  sand 
which  is  broomed  into  the  joints.  Traffic  is  permitted  in  four  or 
five  days. 

Advantages. — The  pavement  shows  a  smooth,  uniform  surface, 
dustless  and  practically  noiseless.  Its  life  has  yet  to  be  determined. 
Pavements  that  have  been  down  ten  or  fifteen  years  are  still  in 
good  shape*  Within  a  reasonable  freight  radius  from  the  point 
of  manufacture,  it  can  be  laid  for  approximately  the  cost  of  bnck. 

Disadvantages. — A  mist  or  light  rain  faiakes  the  pavement  very 
slippery.    It  should  not  be  used  on  grades  over  4%. 


CONCHETE  PAVEBAENTS 

Introductory 

Inasmuch  as  there  is  some  difference  of  opinion  as  to  the  value 
of  this  type  each  author  has  written  his  interpretation  of  the  avail- 
able facts. 

Concrete  Pavements 

By  W.  G.  Harger 

Many  miles  of  these  roads  have  been  constructed  in  the  last 

few  years. 

The  construction  has  varied  from  poor  i  to  6  pit  run  gravel 
concrete  to  first-class  1:1^:3  stone  concrete  6"  to  9"  thick. 
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There  is  enough  data  to  conclude  that  cheap  concrete  is  a  failure. 
An  effort  was  made  to  protect  the  surface  of  such  a  mix  with  a  thin 
bituminous  surface  coat  of  asphaltic  oils  or  tars.  These  coats  have 
not  been  successful  as  they  peel  off  and  produce  an  unsightly, 
rough  riding  and  a  high  maintenance  cost  road. 

The  type  of  concrete  road  now  being  built  and  which  has  many 
enthusiastic  supporters  is  a  first-class  i :  i  H  :  3  stone  or  screened 
gravel  concrete  which  takes  the  traffic  directly  on  its  surface.  The 
concrete  is  carefully  manipulated  (see  specifications,  page  785). 
The  ordinary  section  used  is  shown  in  Figure  39.  Expansion  joints 
of  premolded  asphalt  or  patented  steel  plates  with  tarred  paper  filler 
are  provided  at  intervals  of  approximately  30  ft.*  The  cost  of 
this  pavemdht  has  been  from  $1.10  to  $1.80  per  square  yard. 
They  have  the  advantages  and  disadvantages  of  aU  rigid  types  of 
construction.    They  should  not  be  used  on  grades  over  5%. 

Pavements  of  this  class  have  been  built  on  roads  having  light, 
medium  and  heavy  traffic  and  are  advocated  by  Cement  Manu- 
facturers as  an  economical  road  under  all  classes  of  traffic.  The 
author  believes  that  while  this  type  has  its  place  that  a  great  mileage 
is  being  constructed  which  from  an  engineering  viewpoint  is  not 
justified.    The  roads  have  not  been  down  long  enough  to  obtain 


77f/f////M////m/////m/MM^. 


K '^19'  

Fig.  39. 

reliable  data  as  to  their  length  of  life  before  resurfacing.  Con- 
sidering in  a  general  way,  however,  what  we  know  of  the  material 
and  the  action  of  the  weather  and  traffic  on  rigid  types  of  pave- 
ment, an  allowance  of  10  to  15  years  would  appear  liberal.  When 
they  arrive  at  the  point  when  they  need  resurfacing  a  large  expense 
is  involved.  It  has  been  (Remonstrated  that  cheap  thin  bitummous 
coats  have  not  been  successful;  it  is  not  possible  to  successfully 
resurface  with  a  thin  layer  of  concrete  which  means  that  probably 
asphaltic  concrete,  asphalt  block,  brick  or  some  other  form  of 
block  or  cube  pavement  will  be  used  at  a  cost  of  from  $9,000  to 
$16,000  per  mile.  The  fact  that  resurfacing  when  it  occurs  re- 
quires such  a  large  expenditure  eliminates  this  type  from  use  on  any 
but  the  more  important  roads  which  constitute  a  small  percentage 
of  the  mileage  of  any  large  system. 

With  the  data  at  hand  the  indications  are  that  this  type  is  a  good 
design  for  Class  I  roads  outside  of  villages  and  possibly  for  the 
heavier  Class  II  roads  under  special  conditions. 

Under  Class  I  traffic  an  average  depth  of  8"  of  concrete  is  recom- 
mended and  a  minimum  width  of  18'  on  account  of  the  difficulty 
of  Moulder  maintenance  (see  Plate  9,  page  60). 

1  The  author  personally  believes  that  better  results  will  be  obtained  by 
eliminating  these  joints  altogether.  The  artificial  joints  are  sources  of 
weakness  m  that  they  tend  to  localize  the  wear.  Apparently  less  wear 
occurs  at  a  natural  crack  and  it  is  certain  that  a  smoother  riding  road  is 
obtained. 
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If  used  on  Class  II  roads  a  depth  of  ^"  will  probably  be  sufficient 
but  no  reduction  in  width  is  allowable.  The  fact  that  more  width 
is  desiraole  for  all  rigid  pavements  than  for  macadams  on  Class  II 
traffic  is  an  added  reason  for  the  use  of  macadams  under  these 
conditions  (see  Chapter  on  "Sections,"  page  42). 

Under  climatic  conditions  free  from  frost  an  average  depth  of  6" 
is  sufficient  and  under  ideal  soil  conditions  4"  to  5"  have  been 
built  (see  "California  Standards,"  page  50). 

First-class  concrete  is  showing  up  better  than  anticipated  under 
Class  I  traffic  but  the  desirable  depths,  widths  and  necessary 
refinements  of  construction  to  insure  success  are  increasing  the  cost 
per  square  yard  and  eliminate  it  as  a  competition  for  macadam 
on  Classes  II  and  III  roads  where  macadam  materials  ftre  available. 

CONCRETE  BirUMINOnS  ROADS 

By  E.  a.  Bonney 

Some  four  or  five  years  ^go,  a  tremendous  wave  of  publicity 
swept  concrete  roads  into  the  limelight.  The  construction  at  that 
time  consisted  of  a  second-class  concrete  base  with  a  skin  coat  from 
K"  to  Ji"  in  depth,  composed  of  screenings,  mixed  with  hot  oil 
or  tar,  and  sometimes  a  combination  of  the  two.  The  base  was 
laid  without  joints  and  gravel  or  any  kind  of  stone  was  used  for 
aggregate. 

Under  this  type  at  least  a  dozen  patented  pavements  were 
developed  practically  none  of  which  have  to  any  degree  borne  out 
the  extravagant  claims  made  at  that  time. 

The  bituminous  skin  coat  has  not  been  satisfactory.  It  is 
subject  to  all  the  disadvantages  of  other  bituminous  macadams  and 
with  few  exceptions  has  not  adhered  to  the  concrete  for  any  length 
of  time. 

There  is  a  road  known  as  the  Bedford-Goldens  Bridge  State 
Highway  in  Westchester  County,  on  which  2.67  miles  of  concrete 
base  has  been  laid  when  the  original  contract  was  canceled.  The 
unfinished  portion  was  covered  with  an  experimental  skin-coat 
treatment  which  today  (1916)  is  as  sound  and  intact  as  when  laid. 
Work  was  finished  in  the  early  summer  of  1915.  The  road  was 
subjected  to  the  enormous  automobile  traffic  peculiar  to  West- 
chester County  all  season.    A  brief  description  follows: 

The  concrete  was  cleaned,  all  dust,  dirt  or  caked  material  re- 
moved. It  was  then  coated  with  a  cold  application  of  low  carbon 
tar,  very  light  grade,  almost  a  creosote.  This  was  spread  about 
Ho  gallon  per  square  yard  and  allowed  to  dry  for  two  hours.  About 
one- third  of  a  gallon  per  square  yard  of  Bit.  Mat.  "  T  "  low  carbon 
was  then  applied  hot  and  covered  with  approximately  37  lb.  binder 
of  No.  2  stone  per  squaire  yard.  A  second  coat  of  J^  gallon  per 
square  yard  was  then  applied  and  covered  with  about  32  lb.  per 
square  yard  of  No.  ^  stone  (screenings). 

This  treatment  so  far  looks  extremely  well  and  has  not  broken 
away  from  the  concrete.    It  is  still  too  early  to  classify  as  a  success. 
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The  c5ost  of  the  top  course  only  was  lyKc  per  square  yard. 
Base  cost  68c.  making  total  of  85c. 

CONCRETE  PAVEMENTS 

By  E.  a.  Bonney 
I :  I J^  :  3  Mix 

* 

Concrete  pavements  are  showing  as  each  season  passes  by,  that 
they  are  worthy  of  much  more  consideration  than  nas  been  given 
them  up  to  the  present  time.  For  roads  subjected  to  heavily 
loaded  and  slow  moving  vehicular  traffic  or  for  roads  so  located  or 
traveled  that  any  type  of  macadam  road  would  be  subjected  to 
costly  maintenance,  the  concrete  pavement  has  come  to  stay. 
The  wear  seems  to  be  inappreciable  and  because  of  the  flat  crown, 
traffic  is  spread  over  the  entire  width  of  metal. 

Great  care  must  be  exercised  in  the  selection  of  aggregates. 
Many  sands  that  are  considered  good  enough  for  ordinary  concrete 
work  will  not  give  satisfactory  results  in  concrete  pavement. 
Stone  or  gravel  should  be  limited  to  those  showing  a  high  coef- 
ficient of  wear. 

Considerable  attention  should  be  paid  to  the  percentage  of  voids 
in  the  sand  and  stone.  Experiments  should  be  made  to  determine 
approximately  the  mixture  giving  the  lowest  percentage  of  voids. 
The  authors  do  not  believe  in  the  blind  adoption  of  a  specified 
mix.  It  is  often  essential  that  the  mix  be  varied  to  correspond 
to  the  gradation  of  available  sand  and  voids  in  coarse  aggregate. 

Several  containers  of  uniform  volume  and  a  pair  of  scales  are  all 
the  apparatus  necessary  to  show  whether  or  not  the  specified  mix 
is  the  best  mixture  for  the  aggregates  available. 

The  approximate  percentage  of  voids,  may  be  found  by  water. 
By  makmg  up  several  concrete  cubes  or  cylinders  of  the  same 
volume,  beginning  with  the  specified  mix  and  varying  the  others  as 
indicated  by  the  percentage  of  voids,  the  heaviest  product  will 
indicate  the  proper  mixture. 

Any  data  given  herewith  is  based  upon  a  one-course  road.  The 
authors  are  not  personally,  familiar  with  two-course  roads. 

Btdletin  No.  249  of  the  Office  of  Public  Roads,  U.  S.  Department 
of  Agriculture,  cites  the  advantages  and  disadvantages  of  concrete 
highways  as  follows: 

"Advantages. — r.  As  far  as  can  be  judged,  they  are  durable  under  ordinary 
suburban  and  rural  traffic  conditions.  While  it  is  true  that  there  are  no  very 
old  concrete'  jMivements  in  existence,  the  present  condition  of  many  of  those 
which  have  undergone  several  years'  service  would  seem  to  warrant  the 
above  statement. 

"3.  They  present  asmooth,  even  surface,  which  offers  very  little  resistance 
to  traffic.  In  the  past  the  surface  of  concrete  pavements  have  sometimes 
been  roughened  in  order  to  insure  a  good  foothold  for  horses.  This  practice 
has  now  been  abandoned,  except  on  very  steep  grades,  because  it  tends 
greatly  to  accelerate  deterioration  of  the  pavement,  and  because  the  smooth 
surface  has  been  found  to  afford  a  fairly  satisfactory  foothold  under  all 
ordinary  conditions. 

"3.  They  produce  practically  no  dust  and  may  be  easily  cleaned. 
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"4.  They  can  be  maintained  at  compamtively  »nall  cost  until  renewals 
become  necessary. 

"5.  They  may  be  made  to  serve  as  an' excellent  base  for  some  other 
t3rpe  of  surface  when  resurfacixig  becomes  desirable. 
6.  They  present  a  pleasing  appearance." 

"The  Disadvantages. — i.  They  are  somewhat  notsy  under  horse  traffic. 

*'  2.  There  is  no  method  of  constructing  necessary  joints  in  the  pavements 

which  will  entirely  i>revent  excessive  wear  in  their  vicinity.     Furthermore. 

joints  do  not  altogether  eliminate  cracking  and  wherever  a  erack  develops 

^  must  be  given  frequent  attention  in  order  to  prevent  rapid  deterioration 

of  the  pavement. 

**3«  They  can  not  be  readily  and  effectively  repaired  as  many  other  types  of 
pavements." 

This  summation  of  concrete  roads  in  general  seems  eminently 
fair.  We  believe,  however,  that  to  the  disadvantages  should  be 
added  the  inevitable  rut  which  appears  between  the  edge  of  the 
concrete  and  the  earth  shoulder.  These  ruts  are  dangerous  to 
fast-moving  traffic  and  require  constant  maintenance  for  their 
elimination  unless  the. shoulders  are  armored  with  crushed  stone 
or  gravel  for  2  ft.  or  more  from  the  concrete. 

The  question  of  reinforcement  and  joints  are  still  the  subjects 
of  much  discussion  among  engineers. 

The  item  of  reinforcement  largely  increases  the  cost  of  the  roads 
and  it  is  yet  too  early  to  say  that  the  added  expense  is  justified. 

Fremolded  Asphalt 
Joint  as  liaid 


The  joint  problem  affords  an  unlimited  field  for  a  variance  of 
opinions.  Few  engineers  are  satisfied  with  any  of  the  exbting 
armored  joints,  patented  or  otherwise.  ' 

The  author  believes  that  experience  to  date  has  divided  the 
problem  of  joints  into  two  fields:  i.e.,  on  roads  under  continued 

Premolded  Asphalt 
/  Joint  as  it  becomoB 
under  Traffic 


maintenance  a' bituminous  joint  will  prove  satisfactorv  and  is 
renewable  at  small  cost;  on  roads  which  receive  spasmodic  main- 
tenance or  none  at  all,  some  sort  of  steel  joint  should  be  used.' 

On  New  York  State  work  where  maintenance  is  continuous 
the  most  satisfactory  joint  to  date  is  of  premolded  asphalt,  which 
is  SQ  placed  that  it  projects  from  %"  to  H"  above  the  surface  of 
the  concrete;  as  shown  above  (A), 

A  combination  of  hot  weather  and  traffic  spreads  the  asphalt 
out,  leaving  a  bituminous  mat  over  the  joint. 
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For  concrete  roads  not  under  maintenance,  the  better  joints 
are  being  made  of  soft  steel  tempered  to  the  same  relative  hardness 
as  the  concrete.  A  hard  steel  joint  simply  transfers  the  point 
of  wear  from  the  joint-edge  proper  to  the  concrete  back  of  the  joint. 

The  proper  length  of  concrete  slabs  between  joints  is  another 
subject  of  speculation.  Many  roads  are  now  being  built  with 
varying  distances  between  joints  in  an  endeavor  to  determine  how 
few  can  be  used  with  success.  '  -~ 

The  average  cost  of  this  type  in  New  York  State  for  6"  depth  of 
pavement  is  $1,121  per  square  yard  of  pavement  only.  Total 
average  cost  for  mile  of  completed  highway,  including  excavation, 
drainage  structures  and  pavement,  is  $15,320  (191 6). 

Small  Stone  Block  Surfacing, — In  Germany,  Hungary,  Austria, 
and  England  a  surfacing  made  of  granite  blocks,  ranging  in  size 
from  2j^"  to  4",  has  been  used  successfully.  This  pavement  is 
known  as  Kleinpflaster  in  Germany,  and  as  "Durax"  armoring  in 
England.  The  stone  cubes  must  be  cut  with  considerable  accuracy 
in  order  to  give  a  smooth  and  durable  surface. 

The  blocks  are  laid  on  a  thin  sand  cushion  of  about  %"  depth, 
on  either  a  macadam  or  concrete  foundation;  they  are  thoroughly 
rammed  to  give  a  firm  bearing  and  the  joints  tilled  either  with 
clean  sand  flushed  in,  or  a  bituminous  filler.  The  joints  do  not 
exceed  ]4!'  in  width.  The  courses  of  cubes  are  laid  either  diagon- 
ally to  the  direction  of  the  traffic  or  in  concentric  rings. 

Where  the  stone  is  broken  by  hand  the  cost  is  high  and  it  would 
be  impossible  to  consider  its  use  for  rural  roads  in  this  country. 
A  machine^  has,  however,  been  developed  in  Europe  for  breaking 
these  cubes  which  is  claimed  to  produce  a  satisfactory  product 
at  a  reasonable  rate.  It  is  a  belt-driven  friction,  drop-hammer 
having  a  stone  chisel  mounted  on  the  anvil;  the  hammer  iiead  is 
shaped  like  a  stone-cutter's  sledge.  The  power  needed  for  each 
machine  is  about  i}4,  h.p. 

About  400  of  these  machines  are  in  operation,  and  a  plant  in 
Sweden  is  turning  out  700,000  square  yards  of  pavement  per  year 
with  62  machines. 

Provided  the  pavement  can  be  laid  for  $1.00  to  $1.25  per  square 
yard,  it  seems  a  type  that  must  be  seriously  considered.  A  price 
as  low  as  this,  however,  would  necessitate  the  use  of  convict  labor 
in  the  manufacture  of  the  cubes. 

McCLINTOCK  CUBE  PAVEMENTS 

By  W.  G.  Harger 

This  is  a  patented  pavement  devised  by  J.  Y.  McClintock, 
County  Engineer  of  Monroe  County,  N.  Y.  It  is  very  similar 
to  "Kleinpflaster''  except  that  under  his  patent  artificial  cubes 
as  well  as  stone  cubes  are  proposed.  It  appears  to  be  a  very  promis- 
ing type. 

.  ^  A  detailed  description  of  this  machiae  is  given  in  Engineering  News, 
March  27,  1912. 
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The  construction  is  essentially  as  shown  in  Figure  40  and  consists 
of  a  top  course  of  2^"  cubes  placed  on  a  thin  sand  cushion  sup- 
ported by  either  a  macadam  or  concrete  base.  The  cubes  have 
Deen  made  of  concrete,  vitrified  paving  brick  material  and  stone 
as  in  Continental  p/actice. 

They  are  loaded,  hauled  and  dumped  like  broken  stone;  laid 
in  close  contact  by  means  of  a  pallet  and  rake  128  at  a  time  on  a 
sand  cushion  J^  to  }4,"  thick,  no  care  being  taken  to  break  joints. 
They  are  then  rolled  to  bring  to  an  even  and  firm  bearing;  the, 
joints  are  filled  with  a  sandy  loam  and  the  surface  treated  with  a 
light  c^oat  of  light  road  oil  or  cold  tar  if  the  foundation  is  macadam. 
The  joints  are  grouted  if  the  foundation  is  concrete.  Temporary 
shoulders  of  2"  plank  are  put  down  during  the  laying  of  the  cubes 
after  which  they  s^re  removed  and  replaced  with  broken  stone  or 
gravel  as  shown  in  Figure  40. 

The  experience  of  the  past  six  years  has  shown  that  this  form  of 
construction  using  a  sand-tarred  joint  is  flexible  under  frost  action 
which  makes  it  suitable  as  a  surfacing  on  a  macadam  base.  It 
keeps  its  shape  under  traffic  and  shows  no  tendency  to  ravel  or 
break  down  at  the  edges  and  can  be  successfully  held  with 
a  macadam  or  gravel  shoulder  without  the  formation  of  a  rut 
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Fig.  40. 

along  the  edge  which  is  a  difficulty  always  encountered  where  a 
rigid  edging  is  designed.  It  gives  a  satisfactory  surface  in  both  wet 
and  dry  weather  and  can  be  laid  late  in  the  season.  The  cubes 
require  comparatively  little  inspection  and  can  be  successfully 
used  as  a  patch  in  maintenance  with  simple  manipulation.  They 
reduce  the  tonnage  and  freight  cost  where  imported  materials  are 
required.  Concrete  cubes  have  not  served  satisfactorily,  failing 
in  spots,  but  this  is  to  be  expected  as  it  is  not  a  reliable  material 
for  a  road  surfacing  of  this  nature  (that  is  for  such  small  units). 
Vitrified  shale  cubes  with  wide  sand  joints  laid  on  a  macadam 
base  have  shown  ability  to  stand  medium  traffic.  Vitrified  shale 
cubes  with  dose  tarred  joints  laid  on  a  thick  macadam  base  serve 
very  satisfactorily  under  moderately  heavy  traffic,  and  the  indica- 
tions are  that  these  cubes  laid  on  a  concrete  foundation  and  grouted 
will  meet  all  but  the  heaviest  traffic  satisfactorily. 

Consider  briefly  the  present  tendencies  in  highway  construction. 
There  are  two  distinct  types:  the  flexible  form  represented  by  the 
macadams  and  the  rigid  t3^es,  such  as  brick,  asphalt,  stone  block, 
etc.,  having  concrete  foundations.  Each  has  a  distinct  field  and 
their  relative  economy  depends  largely  on  the  traffic. 
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It  is  sufficient  for  this  discussion  to  note  that  macadams  are 
suitable  for  light  and  medium  traffic  (Classes  11  and  HE);  that  they 
are  able  to  withstand  climatic  changes  better  than  the  rigid  pave- 
ments and  that  with  a  moderate  yearly  e:q)enditure  they  can  be 
kept  in  good  condition  when  used  under  thd  volume  of  traffic 
stipidated. 

They  fail  dther  under  high  velocity  traffic  or  heavy  hauling; 
the  first  being  a  surface  failure  and  the  second  a  foundation  failure 
for  most  of  the  roads  in  this  locality  but  a  surface  failure  for  some  ■ 
which  have  a  thick  well  consolidated  base.  That  is,  if  some 
better  flexible  surface  can  be  used  on  a  first-lass  macadam  founda- 
tion, this  type  of  road  will  be  able  to  handle  a  heavier  volume  of 
traffic  than  at  present  with  a  moderate  maintenance  charge.  The 
indications  are  that  the  brick  cubes  with  sand-oiled  joints  will 
serve  this  purpose. 

The  rigid  roads  develop  defects  due  to  temperature  changes; 
frost  heaye  and  the  settlement  of  fills.  Subsequent  movement 
is  localized  along  these  lines  and  eventually  expensive  repair  and 
reconstruction  is  necessary.  Under  heavy  traffic,  however,  the 
cost  is  less  than  for  the  macadam  type  and  the  inconvenience  of 
continual  repairs  is  avoided. 

The  first  cost  of  brick  and  asphalt  block  which  are  generally  con- 
sidered the  best  of  the  rigid  types  is  so  high  that  designers  often 
hesitate  to  use  them  where  t£ey  are  actually  needed.  If  it  were 
possible  to  reduce  the  cost  and  yet  obtain  practically  the  same  class 
of  improvement  a  larger  mileage  could  be  used  to  advantage. 

The  indications  are  that  the  brick  cubes  on  a  concrete  foundation 
will  serve  this  purpose  at  a  cost  of  about  $0.40  per  square  yard 
less  than  the  present  paving  brick. 

Highway  designers  do  not  hesitate  to  use  macadam  for  the  light 
traffic  roads  or  expensive  rigid  constructions  for  the  extremely 
heavy  traffic;  the  great  mileage  that  lies  on  the  verge  of  either  form 
of  construction  offers  the  real  difficulty.  It  is  for  this  class  of 
road  that  the  cubes  are  particularly  adapted  by  reducing  the  cost 
of  brick  and  increasing  the  efficiency  of  macadam.  This  applies 
also  to  the  resurfacing  of  concrete  and  macadam  roads. 

The  author  believes  that  provided  this  type  fulfils  its  present 
indications  that  it  will  meet  a  recognized  need  m  highway  construc- 
tion and  for  this  reason  has  given  more  space  than  perhaps  is 
justified  to  a  method  which  has  not  been  tested  out  by  a  large 
mileage  of  construction. 

A  reasonable  cost  of  the  brick  2"  cube  surfacing  is  approximately 
$0.95  per  square  yard  in  Western  New  York.  This  form  of  road 
material  is  adaptabfe  to  manufacture  by  convict  labor. 

Rocmac. — Rocmac  is  another  patented  pavement  which  deserves 
mention,  as  the  roads  which  the  author  has  seen  built  by  this 
method  compare  favorably  with  other  types  of  construction.  The 
claim  is  made  that,  under  favorable  conditions,  it  will  cost  only 
fifteen  cents  per  square  yard  more  than  plain  macadam.  The  only 
available  example  of  cost  details  given  below  is  hardly  a  fair  sample 
of  what  can  be  done. 
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We  quote  an  extract  from  the  1910  report  of  the  New  York 
State  Highway  Commission: 

"Bxperiniental  pavement  according  to  the  Rocmac  S3rstem  as  laid  over 
the  westerljT  portion  of  Buffalo  Road»  Section  No.  2,  County  Highway  No. 
83,  located  in  the  Town  of  Gates,  County  of  Monroe,  New  York. 

"The  Rocmac  system  differs  from  ordinary  macadam  construction  in 
that  the  aggregate  of  crushed  stone  is  cemented  together  by  a  matrix  com- 
posed of  limestone  dust  (as  rich  as  possible  in  carbonate  of  lime)  mixed  with 
a  solution  of  silicate  of  soda  and  sugar,  the  silicate  of  soda  combining  with 
the  carbonate  of  lime,  an  unstable  compound,  forming  silicate  of  lime,  which 
is  a  very  stable  compound. 

"The  materials  used  in  this  experiment  were  Leroy  limestone  flour  for 
the  matrix,  being  the  entire  crusher  product  which  would  pass  a  screen  of 
M  in.  mesh,  and  Akron  limestone  No.  3  size  with  some  No.  4  size  mixed  for 
the  aggregate.  The  No.  3  size  being  retained  on  a  screen  of  i^  in.  mesh 
and  passing  a  screen  of  2  in.  mesh,  the  No.  4  size  being  retained  on  a  screen 
of  2  in.  mesh  and  passing  a  screen  of  3H  in.  mesh. 

,  "The  delivery  point  for  material  shipped  by  rail  being  Coldwater  Sta- 
tion, a  dead  haul  of  one  mile  to  the  beginning  of  the  work. 

"The  supervision  given  this  work  consisted  of  occasional  inspections  by 
the  divisions  superintendent  of  repairs  and  the  inspector  in  charge  of  this 
section,  neither  of  whom  could  devote  much  time  to  this  particular  work 
vrithout  interfering  with  other  duties.  Had  the  work  been  constantly 
directed  by  a  competent  foreman  more  progress  would  have  been  made 
and  the  cost  probably  would  have  been  decreased. 

"The  method  pursued  during  the  laying  of  this  surface  was  to  scarify  by 
hand  the  original  foundation  course,  removing  all  loose  material  by  brooming, 
upon  this  prepared  foundation  so  spread  the  matrix  composed  of  limestone 
dust  and  solution,  to  an  average  depth  of  about  2  inches,  upon  this  sj^read 
the  crushed  limestone  aggr^ate  to  such  a  depth  as  would  give  fimshed 
rolled  thickness  averaging  about  ^^  inches  when  properly  crowned,  then  roll- 
ing same  until  thoroughly  consohdated  and  continuing  rolling  and  sprinkling 
with  water  by  hand  until  the  matrix  which  flushed  to  the  surface  in  the 
form  of  grout  has  nearly  disappeared,  when  the  i>avement  is  covered  with  a 
light  coat  of  screenings  and  considered  complete. 

"Tlie  total  length  of  this  resurfacing  extending  from  Station  237  to 
Station  275-76  is  3876  lineal  feet,  aggregating  an  area  of  6890  square  yai«ds 
surface  upon  which  was  used  1004  tons  of  No.  3  and  No.  4  crushed  lime- 
stone, 520  tons  of  limestone  flour  and  4050  gallons  of  silicate  of  soda  solution. 

"Deducting  from  total  expenditure  materials  not  used  and  expense  of 
labor  trimming  shoulders  and  ditching  would  leave  total  cost  of  this  re- 
surfacing, including  all  material  and  labor  necessary  to  form  pavement 
complete  in  place  I6400.82  or  $0.9288  per  square  yard. 

"This  expense  is  itemized  as  follows: 


Item 


Total 


Per  Square 
Yard 


Cost  of  stone  f .o.b.  cars  delivery  point 

Cost  oi  Rocmac  solution , 

Cost  of  teams  hauling  s^one,  solution,  water  and 

coal '. 

Freight  and  duty  on  solution. 

Roller  and  coal 

Labor ^ 

Tools,  tanks,  blacksmith,  oil  and  wood , 

Total 


I2026.59 
617.28 

1408.79 
408.61 
547.38 

I 341 .64 
50.63 


I  6400 . 82 


$0.2941 
0.0896 

0.2044 
0.0593 
0.0794 
0.1947 
0.0074 


I0.9288 


"The  average  price  paid  per  ton  for  all  stone  f.o.b.  cars  at  delivery  point 
is  li.25^;  price  paid  per  hour  for  labor  $0.22;  for  teams  $Ok56H  per  nour; 
roller  rent  |xo  per  day. 

"  During  the  progress  of  this  resurfacing  traffic  was  not  intefered  with  at 
all,  all  traffic  being  permitted  to  go  over  the  work  in  whatever  stage  of 
progress.     This  is  an  advantage  worthy  of  consideration. 
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•'The  finished  surface  after  five  months'  traffic  has  the  appearance  of  a 
well-constructed  macadam  road,  being  hard,  smooth,  well  bound,  and  clean, 
no  disc9loration  being  apparent  except  immediately  after  a  rain,  when  it 
shows  light  brown  in  spots,  due  to  the  solution,  which  being  soluble  in 
water  comes  to  the  surface. 

"  No  ravel  developed  during  continued  dry  weather  when  freshly  laid 
and  under  traffic;  road  is  relatively  dustless:  this,  however,  depends  upon 
the  percentage  of  silica  in  the  stone  used.  Tne  theory  being  that  whenever 
the  pavement  becomes  wet  the  solution  is  brought  to  the  surface,  resulting 
in  absorbing  and  hardening  down  any  fine  material  which  had  been  pro- 
duced by  the  abrasion  of  tires. 

"It  can  be  laid  in  all  excepting  freezing  weather,  and  while  smooth  yet 
it  is  sufficiently  rough  to  afford  good  footing  for  horses  and  rubber  tires. 
There  is  nothing  entering  into  the  construction  to  soften  under  high  tem- 
perature and  nothing  to  form  mud  in  wet  weather.  It  is  claimed  to  be 
self-healing,  due  to  continual  chemical  reactions  taking  place  whenever  the 
road  becomes  wet." 

Conclusion. — In  this  chapter  the  authors  have  attempted  to  show 
the  approximate  cost  of  the  different  styles  of  construction  in 
general  use  or  such  experimental  tops  which  they  have  seen  which 
promise  well.  The  costs  given  are  relative  only,  to  be  used  in  the 
comparison  of  the  various  constructions  and  are  based  on  roads 
in  New  York  during  the  period  of  191 2  to  1915. 

The  data  may  be  summarized  as  follows,  showing  the  desirable 
requirements,  location  and  approximate  first  cost  of  the  different 
constructions.  The  comparative  yearly  costs  including  main- 
tenance and  renewal-  are  shown  in  Table  22  compiled  from 
maintenance  data.  The  type  selection  shown  in  Table  21 C  does 
not  consider  the  requirements  of  steep  grades. 

On  steep  grades  stone  block  is  the  best  solution,  hillside  brick 
second,  penetration  one  coat  pour  bituminous  macadam  third, 
and  waterbound  macadam  fourth.  The  last  two  become  slippery 
if  maintained  by  surface  oiling  and  it  has  been  necessary  in  some 
cases  to  build  a  specially  wide  shoulder  treated  with  gravel  or 
stone  for  horse  traffic. 

Classification  for  Safety  of  Traffic 

The  sheet  asphalts,  topeka  mix  and  similar  constructions  are 
dangerous  for  high  speed  traffic  even  on  fairly  level  grades  during 
sleet  storms  or  light  rains  and  are  not  recommended  for  roads 
outside  of  villages. 

Bituminous  macadams,  concrete,  brick,  stone  block,  waterbound 
macadams  and  small  stone  or  brick  cubes  can  be  ranked  as  safe 
surfaces  for  high  speed  traffic. 

Recommended  Types. — Bituminous  macadams  are  recom- 
mended for  Class  II  and  IV,traffic  and  resident  village  streets. 

Waterbound  macadam  for  Class  III  traffic. 

Concrete  for  Class  I  outside  of  villages. 

Brick  for  Village  business  streets. 

Stone  block  for  hills  on  Class  I  traffic. 

Asphalt  block  for  extremely  heavy  Class  I  traffic. 

Sheet  Asphalt,  Topeka^  etc.,  are  to  be  avoided  where  traffic 
travels  at  nigh  speed.  Its  most  suitable  location  is  a  resident 
village  or  city  street. 
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FAILURES 

The  common  causes  of  failure  of  different  pavements  due  to 
structural  defects  are  as  foUows.  The  details  of  inspection  are 
taken  up  in  Chapter  XV. 

Stone  Block. — Failures  rare;  will  stand  lots  of  abuse  in 
construction. 

Asphalt  Block. — Failures  rare.  When  they  occur  due  to  poor 
block. 

Waterbound  Maca4a2n. — Failures  rare.  When  they  occur  are 
generaUy  due  to  poor  rock,  small  sized  stone  in  top  courses,  and 
insufficient  rolling  or  puddling. 

Penetration  Bituminous  Macadam. — Failures  not  uncommon 
due  to  the  use  of  too  much  soft  binder;  unequal  application  and 
overheating  of  Binder.  The  asphalt  companies  advocate  the  use 
of  too  much  bitumen. 

Concrete. — Failures  not  uncommon  due  to  inferior  materials 
particularly  dirty  sand  and  to  poor  manipulation,  weak  mix, 
and  too  much  water  content. 

Brick. — Failures  not  uncommon  due  to  poor  brick  and  careless 
grouting. 

Sheet  Asphalt  and  Topeka  Mix. — Failures  not  uncommon  due  to 
overheating  and  poor  mix. 
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To  afford  a  comparison  of  high  and  low  type  roads  the  following 
data  is  inserted  at  this  point  for  Earth,  Gravel,  and  Sand  Clay 
roads. 


Type 

Approx. 
Cost  per 

mile 

T          4^ 

Interest  on 
First  Cost 

Approx. 
Yearly 
Mainte- 
nance and 
Renewal 

Total 

Yearly  Cost 

Per  mile 

Earth 

Sand  Clay. .  . . 
Gravel 

$2000 
3000 
4000 

$  80 

120 
160 

7S 

240 

$130 
200 
400 

CHAPTER  Vn 

MAINTENANCE 

Maintenance  "will  be  divided  into  two  classes:  the  care  of  low 
type  (earth,  sand-clay  and  gravel)  roads  and  the  more  costly 
attention  required  to  keep  the  higher  type  macadams  and  rigid 
pavements  in  good  condition.  Maintenance  is  a  relative  term  and 
the  costs  given  in  reports  mean  very  little  unless  each  man  person- 
ally understands  the  conditions  under  which  the  work  was  done 
and  the  degree  of  perfection  in  maintenance  attained. 

The  authors  have  had  no  personal  experience  in  earth  or  sand- 
clay  maintenance  work;  the  data  pertaining  to  these  types  is 
compiled  data  and  while  the  explanation  of  methods  are  clear  and 
definite  the  general  costs  must  be  accepted  merely  as  approximate. 
The  data  on  maintenance  of  high  type  roads  is  based  on  our  personal 
experience  and  while  this  may  limit  its  general  application  some- 
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what  it  is  more  definite  in  the  matter  of  costs  and  more  valuable 
than  the  ordinary  State  Reports  which  often  are  difficult  to  in- 
terpret correctly,  due  to  indemiite  bookkeeping  and  to  the  transferral 
of  charges  between  various  funds. 

Low  Type  Roads. — ^The  maintenance  of  these  roads  consists 
in  keeping  the  grass  and  weeds  cut,  the  ditches  clean,  culverts 
clear,  overhanging  trees  trimmed  and  the  surface  of  the  traveled 
way  scrapped  and  dragged.  One  shaping  with  a  blade  road  machine 
in  the  spnng  generally  is  all  the  heavy  work  required  the  rest  of  the 
work  being  done  with  road  drags,  hones;  planers,  etc.,  at  frequent 
intervals  during  the  balance  of  the  year.  On  sand-clay  and  gravel 
roads  surfacing  material  is  added  to  fill  holes  and  ruts  or  better  the 
wearing  surface. 
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lets  short  strips  of  road  not  over  4  miles  in  length  to  fanners  -long 
the  road  and  the  patrol  system  which  is  taken  care  of  by  a  steady 
patrol  gang  which  handles  from  10  to  zo  miles.  The  contract 
system  is  eipiained  in  the  quotation  from  the  1517  Year  Book  of 
the  American  Highway  Association,  page  196.  The  patrol  system 
is  referred  to  throughout  the  chapter  In  various  quotations. 

Earth  Roads. — Road  machine  olade  scrappers  are  familiar  to  all 
readers.  The  road  hones,  planers,  etc.,  are  not  so  welt  known  and 
their  construction  is  shown  in  Figures  No.  41-41D.  Steel  drags 
iean  now  be  obtained.  Their  use  in  earth  or  gravel  road  maintenance 
is  explained  in  the  following  quotation  from  the  United  States 
Forest  Rdad  Manual. 
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"  However,  it  ia  moat  gratifying  to  find  that  the  old  ideas  of  taxpayer  nnd 
user  are  rapidly  disappearing,  making  way  for  the  installation  of  practical 
aystem  for  the  cfScient  retenticn  of  tile  better  roads — as  they  are  now  being 
constracted.  Gradually  are  we  beginning  to  learn  that  the  stability  and 
usdulneas  of  a  road  ia  not  forever  establiJied.  even  when  the  best  ot  lurnr- 

itrictly  up  to  the  standard  and  with  ample  drainaee  provided— but  that 

maintenance.     Besides  eliminating  the  difGculties  and  diacomforta  of  travel, 
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which  seems  only  a  benefit  to  the  traveler,  but  is  in  reality  an  economical 
benefit  to,  everyone,  directly  or  indirectly — ^maintenance  will  do  away  with 
all  the  worries  to  the  management  and  effectively  prevent  so  much  of  this 
misapplied  criticism  to  construction  features.  Pinallv  the  results  of  main- 
tenance encourage  more  road-building,  whereas  its  lack  discourages  it. 

"There  is  no  type  of  road  that  can  be  considered  permanent,  and  an 
earth  road  or  one  bedded  in  the  natural  material,  which  is  wholly  as  im- 
portant as  the  higher  grade  roads,  or  even  more  so — ^is  the  cheapest  to  main- 
tain in  its  original  condition.  The  complete  maintenance  of  an  earth  road 
means  simply  the  retention  of  the  drainage  facilities  that  were  provided 
in  a  completed  and  properly  constructed  piece  of  road  work.  Furthermore 
the  experience  of  and  the  attention  i^ven  to  the  road  in  constant  main- 
tenance will  show  where  ample  drainage  was  not  sufficiently  provided; 
and  again  showing  its  importance,  constant  maintenance  secures  this 
necessary  drainage  with  the  least  costs  and  at  the  propei;  time — ^before 
serious  damage  is  done  and  heavy  repair  costs  result.  The  time  to  begin 
the  maintenance  is  immediately  after  the  road  is  constructed,  and  its  degree 
of  efficiency  will  depend  on  what  in  the  way  of  money  or  assistance  is  con- 
stantly provided  or  made  available  to  meet  sudden  contingencies.  The 
work  must  be  done  at  the  right  time  and  in  the  right  way  to  get  the  best 
results. 

"Ample  drainage  begins  with  taking  the  water  off  the  road  and  continues 
with  taking  it  along  the  road  and  away  from  the  road.  Constant  main- 
tenance by  dragging  secures  this  primary  step  in  the  drainage  system,  and 
also  a  hard  and  smooth  surface  for  travel.  The  dragging  preserves  the 
crown,  which  is  kept  in  the  traveled  way  for  no  other  purpose  than  to  shed 
water.  It  then  follows  that  this  water  will  be  taken  away  from  the  road 
through  the  further  efforts  of  constant  maintenance  in  keeping  the  ditches 
and  culverts  open. 

"To  proi>erly  and  economically  maintain  a  certain  road  or  set  of  roads 
an  organization  for  doing  the  work  should  be  effected.  On  a  country  or 
mountain  road  a  patrol  consisting  of  two  teams  and  two  men  for  one  part 
and  one  team  and  one  man  for  the  other  part  of  the  season  should  be  able 
to  care  for  15  to  20  miles.  It  will  be  found  though  that  a  newly  constructed 
road'  will  require  heavier  maintenance  for  the  first  year  or  two,  thus  re- 
ducing the  number  of  miles  for  this  patrol.  One  or  more  such  outfits  could 
be  api>lied  to  a  longer  road  or  a  larger  system  and  kept  under  the  same 
supervision.  These  patrols  keep  the  ditches  clean  and  the  culverts  oi>en. 
haul  surfacing  materials,  i.e.,  clay  onto  sandy  portions  and  sand  or  gravel 
onto  clay,  keep  the  right-of-way  open  to  sun  and  wind:  and  are  on  hand  to 
drag  the  road  after  each  rain.  Two  teams  are  provided  only  in  cases  where 
there  is  no  extra  help  available  along  the  road  to  assist  in  the  dragging, 
otherwise  one  team  would  be  sufficient.  However,  if  the  teams  are  govern- 
ment-owned, two  teams  should  be  had,  as  the  added  costs  for  the  extra 
team  are  small  and  will  in  most  cases  prove  cheaper. than  hiring.  The  two 
teams  can  be  used  on  one  drag  or  two  depending  on  the  ruling  grades  in 
the  road. 

"In  early  spring  when  the  winter  snows  are  going  off,  the  supervision 
and  such  extra  assistance  as  is  necessary  should  be  made  available  early 
to  see  that  the  snow  water  is  being  cared  for — that  it  is  running  down 
the  ditches  and  into  the  culverts,  and  not  down  the  wheel  tracks  and  over  the 
banks  of  the  road.  Later  he  should  have  a  small  gang  of  men  making 
the  necessary  repairs  that  might  occur  while  the  frost  is  coming  out  of  the 
ground  and  from  wash  and  water-breaks.  A  light  grader  should  be  at 
hand  especially  on  sidehill  roads  to  clean  the  ditches  m  material  broken  off 
or  rolled  down  the  banks  and  to  restore  badly  depleted  crowns,  after  which 
the  drag  can  be  used  for  the  remainder  of  the  season  to  preserve  this  perfected 
condition. 

"A  good  foreman  for  this  should  be  a  man  who  as  well  as  to  take  a  hand 
in  the  work,  should  be  able  to  plan  the  work  and  keep  in  touch  with  the 
maintenance  needs  and  move  his  men  economically  to  the  first  necessary 
pieces  of  repairs. 

"  Dragging  is  the  cheapest  and  most  effective  method  of  maintaining  roads 
constructed  of  earth,  top  soil,  sand-clay  or  gravel.  The  drag  is  a  very  simple 
and  inexpensive  implement  and  when  used  properly  gives  surprising  results. 

"Properly  used  and  at  the  right  time  the  road  drag  performs  four  distinct 
offices,  (i)  By  moving  at  an  angle  to  the  traveled  way  it  tends  to  produce 
or  preserve  a  crowned  cross-section;  (2)  if  used  when  the  material  of  the 
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surface  is  not  comimct  and  hard,  it  tends  to  reduce  ruts  and  other  irregu- 
larities in  the  road  by  moving  jnaterial  from  points  which  are  relatively 
high  to  those  which  are  relatively  low;  (3)  when  used  after  a  rain  it  acceler- 
ates the  drying  out  of  the  road  Dy  spreading  out  puddles  of  water  and  thus 
increasing  the  surfaces  exposed  to  evaporation;  (4)  if  the  surface  material 
is  in  a  slightly  plastic  state,  draggixig  smears  over  and  partially  seals  the 
so-called  pores  wnich  naturally  occur  in  earthy  material,  and  thus  makes  the 
road  surface  more  or  less  impervious  to  water. 

"If  used'improperly  or  at  the  wrong  time,  the  drag  may  do  actual  injury 
to  a  road.  Dragging  a  very  dry  road,  for  example,  serves  to  increase  the 
quantity  of  dust  and  may  do  additional  damage  bv  destroying  the  seal 
produced  during  previous  draggings.^  If,  on  the  other  hand,  the  road  is 
very  wet  and  muddy,  the  irregularities  in  the  surface  are  likely  to  be  in- 
creased rather  than  diminished.  The  common  defect  in  road  dragging  is 
to  regard  the  road  drag  as  a  road-building  tool,  and  to  expect  one  or  two 
trips  to  put  the  road  in  shape  for  the  season. 

Notes  on  Maintenance 

"z.  In  filling  bad  ruts  and  mud-holes,  it  is  best  to  use  the  same  material 
that  the  roadbed  is  composed  of,  otherwise  an  uneven  surface  will  result, 
oftentimes,  of  course,  the  roadbed  of  clay  can  be  improved  by  scattering 
sand  or  gravel  over  it  more  or  less  evenly,  or  if  of  sand  by  the  same  use  of 
clay,  but  not  by  filling  the  ruts  with  these  applications.  PilUng  with  rock 
will  effectively  close  a  mud-hole  but  the  next  season  will  find  two  more 
mud-holes,  one  on  either  side  of  this  hard  place  formed  by  filling  the  first. 

"3.  On  sidehill  roads,  after  light  snows  have  fallen  during  the  season, 
the  inside  ditches  should  be  opened  of  the  snow  immediately  in  order  that 
the  water  from  the  melting  snow  will  run  down  the  ditches  instead  of  the 
wheel  tracks.  This  is  especially  necessary  where  steep  grades  occur  to 
prevent  heavy  ji^ash  and  loss  of  crown  in  the  traveled  way,  and  water  break- 
ing over  the  outside  bank.  The  snows,  usually,  being  light,  this  can  be 
done  by  drawing  the  drag  down  the  ditch  with  a  large  skew  angle  or  better 
with  a  small  ditch-cleaner,  the  A-drag  or  go-devil. 

"3.  In  a  grazing  country  very  often  it  occurs  that  salting  grounds  have 
been  used  near  or  along  the  roads.  These  should  be  removed  for  cattle 
climbing  up  and  down  the  banks  and  walking  along  the  ditches  can  cause 
considerable  unnecessary  damage  to  the  road.  During  the  season  of  cattle 
or  sheep  drives  the  men  on  maintenance  should  see  to  it,  that  the  herds  or 
bands,  if  they  have  to  use  the  road,  use  the  traveled  way  and  not  the  banks 
and  do  as  little  damage  as  possible.  If  serious  damage  is  done  they  can  make 
immediate  reports,  if  owners  are  obligated  to  repair  such  damages  on  public 
roads. 

"4.  Outer  bank  slopes  of  earth  that  are  continually  eroding,  should  be 
protected  by  sowing  to  grass,  or  any  other  plant  that  will  mat  and  not  be 
obiectionable  to  occupants  of  lands  along  the  road. 

5.  Keep  the  ends  of  the  culverts  free  from  drifting  weeds  and  d6bris 
and  clean  the  catch-basins  of  silt  and  other  deposits. 

**6.  Remember  that  the  chief  repairs  should  be  looked  after  in  the  spring 
when  the  soil,  being  moist  and  easily  worked,  will  compact  readily  under 
the  drag  and  traffic.  There  is  little  tise  in  attempting  to  do  much  in  July 
and  August  to  the  roadbed  proper,  for  the  soil  is  so  dry  that  it  is  difficult 
to  shape  properly  anctmost  of  that  moved  will  blow  away  in  the  first  wind. 

Notes  on  Dragging 

"x.  Use  the  drag  often  and  if  the  very  best  results  do  not  come  at  first 
trial,  do  not  ciuit.     First-class  results  can  be  attained. 

"a.  Dragging  is  always  done  after  rains,  melting  snows,  or  thaws,  just 
after  the  srround  has  lost  its  stickiness,  when  the  material  will  slide  easily 
along  the  face  of  the  drag  and  pack  well;  but  not  when  it  becomes  dry  in 
any  one  place.  Different  road  surfaces  and  varying  conditions  will  demand 
different  times  of  application,  the  knowledge  di  which  will  come  through 
faithful  and  persistent  use  and  observation. 

"3.  It  requires  a  careful  and  skilful  operator  to  get  good  and  quick 
results,  one  who  knows  or  can  learn  how  to  hitch  to  it,  and  where  and  how 
to  ride  it.     Hitch  so  that  the  drag  will  travel  at  an  angle  of  45°  with  the 
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center  line  of  the  road,  and  do  not  try  to  cut  too  much  material  at  one 
operation.  The  amount  moved  depends  wholly  upon  the  length  of  hitch 
and  position  of  driver.  A  long  hitch  will  move  more  earth  than  a  short 
one.  When  a  hard  spot  must  be  cut,  the  driver  throws  all  his  weight  on 
the  front  blade;  when  a  low  place  must  be  filled  he  moves  back.  These 
operations  on  patented  steel  drags  are  facilitated  by  changing  the  angle  of 
the  blades  from  a  vertical.  Step  quickly  to  the  opposite  end  of  the  drag 
from  which  you  wish  to  deposit  material  into  low  spots. 

"4.  Drive  the  team  at  a  walk  and  ride  the  entire  distance.  •  The  drag 
should  begin  at  the  ditch  line  and  proceed  toward  the  center  or  crown. 
If  the  crown  becomes  too  great,  reverse  the  skew  angle  of  the  drag.  Do  not 
try  to  drag  too  wide  a  section  at  one  operation. 

*'S-  Do  not  try  to  drag  too  long  a  section.  So  much  depends  on  the 
time  the  drag  is  used,  that  there  is  danger  of  dragging  the  road  too  wet  at 
one  end  and  too  dry  at  the  other.  Learn  to  select  those  sections  which 
drv  before  others  and  drag  them  first. 

'6.  Drag  the  road  during  or  directly  after  one  of  the  light  snow  falls 
just  before  it  freezes  up  for  the  first  time,  as  it  will  be  in  better  condition  to 
go  through  the  winter  and  better  able  to  shed  water  during  the  spring  thaw. 

"7.  Very  little  imV>rovement  will  be  noticed  after  the  first  trial,  and  many 
trips  will  have  to  be  made  the  first  year  after  construction.  The  second  year, 
less  dragging  will  be  required  and  the  road  ought  to  improve  continually." 

The  following  quotation  from  the  191 7  Good  Roads  Year  Book 
shows  the  Kentucky  methods  and  approximate  cost  of 
maintenance. 

"  Maintenance  by  dragging  is  most  successful  when  well  oraanized.  The 
results  obtained  by  ^ood  management  in  Hopkins  County,  Kentucky,  are 
frequently  cited  as  indications  of  this,  and  for  this  reason  the  following 
account  of  the  work  there  is  quoted  from  a  report  by  the  Ktetucky  depart- 
ment of  highways. 

"In   19 1 2  a  county  engineer  was  appointed.     The  county  roads  were 

?ieasured  under  his  supervision  and  2  mile  sections  designated,  and  in 
anuanf,  1913.  drags  were  started  on  about  100  miles  of  the  county  roads. 
*his  original  contract  was  only  for  dragging  the  roads,  which  work  was  to 
be  done  four  times  between  January  ist  and  April  ist,  at  a  cost  of  1 10  to 
|i2  per  mile.  As  the  sections  dragged  were  not  continuous,  the  citizens 
at  once  appreciated  the  difference  between  the  maintained  road  and  that 
which  was  not  maintained.  Consequently  the  next  contract,  which  called 
for  dragging  and  ^so  for  cleaning  the  ditches  for  six  months,  until  November, 
1913,  resulted  in  contracts  for  150  miles  of  road  and  at  a  reduced  cost.  In 
November,  1913,  a  contract  substantially  like  that  now  in  use  was  adopted 
and  the  time  of  the  contract  was  for  one  year,  or  until  November,  191 4. 
Over  200  miles  were  maintained  this  year  at  an  average  cost  of  I28  per 
year  per  mile.  For  the  year  from  November,  1914,  to  November,  191 S. 
the  benefit  of  the  maintained  roads  was  so  well  understood  by  the  citizens 
that  560  miles  were  under  contract  at  an  average  cost  of  $24.35  per  mile 
per  year. 

"In  November,  191S.  a  two-year  contract  was  entered  into,  wtuch  the 
county  may  revoke  for  non-performance  of  the  obligation  at  the  end  of  the 
first  year.  About  520  miles  are  now  under  contract,  at  prices  ranging 
from  |i2  to  I40  per  mile  per  year,  the  average  being  I22.10.  It  is  expected 
this  mileage  will  soon  be  increased.^  Originally  a  contractor  was  allowed 
to  have  charge  of  8  miles,  but  now  he  is  not  allowed  to  contract  for  more  than 
4  miles  of  road.  Under  the  191 5  contracts  the  contractor  must  trim  the 
branches  which  overhang  and  interfere  with  travel  bn  the  roadway;  keep 
the  roadway  between  ditches  free  from  shrubbery  and  weeds;  keep  Che 
ditches  clean,  free  from  obstructions,  and  at  all  times  capable  of  canying 
the  water.  *He  shall  by  June  ist  each  year  grade  the  roads  with  dump 
scraper,  grader,  drag  and  ditcher,  or  in  any  way  he  may  see  fit,  so  that 
the  center  of  the  roadway  shall  be  crowned  so  that  the  water  will  flow  from 
the  center  of  the  road  to  the  side  ditches,  and  at  no  place  will  the  water  stand 
on  the  road  or  run  down  the  road.  The  road  shaJl  be  dragged  from  ditch 
to  ditch  at  each  dragging,  when  the  road  is  wet,  but  not  sticky.' 

"  A  record  of  the  number  of  draggings  is  kept  by  the  county  engineer  on 
cards  which,  before  mailing  by  the  contractor,  are  countersigned  by  the 


GRAVEL  ROADS  197 

rural  route  carrier  or  a  reliable  citizen.  The  contractor  also  hauls  material 
and  constructs  all  culverts  and  bridges  of  10  ft.  span  or  under,  and  keeps 
the  approaches  to  and  the  floors  and  abutments  of  all  bridges  and  culverts 
on  his  road  in  good  traveling  condition.  An  analysis  of  these  contracts 
shows  that  where  the  contract  has  been  faithfully  executed  there  is  a  decrease 
each  year  in  the  cost  per  mile,  mainly  because  the  farmer  contractor  has 
learned  from  experience  that  -continuous  maintenance  makes  a  lower  cost 
of  time  and  labor  each  succeeding  year." 

Cost. — The  cost  of  earth  road  maintenance  ranges  from  $20 
to  $200  per  mile  per  year.  A  fair  average  is  approximately  $50 
per  mile  per  year  for  ordinary  farming  county  and  $100  per  mile 
per  year  for  mountain  roads. 

Sand-clay  Roads. — The  methods  and  character  of  work  are  the 
same  for  the  sand-clay  maintenance  as  for  ordinary  earth  roads. 
The  cost  is  generally  less.  The  following  quotation  from  the 
Alabama   State  Highway   Report  indicates  the  usual  procedure. 

Sand-clay  Roads 

"No  cheap  road  can  be  maintained  as  easily  and  at  as  small  an  annual 
cost  as  a  well  constructed  sand-clay  road.  It  responds  readily  to  a  road 
machine  and  the  surfacing  material  is  usually  very  convenient.  Like  all 
others  though  it  is  neglected  untU  extensivie  and  expensive  repairs  become 
necessary.  If  a  sand-clay  road  which  has  been  intelligently  constructed 
is  kept  dragged  at  reasonable  frequent  intervals,  say  three  times  a  month 
during  December,  January,  February,  March  and  April,  and  during  rainy 
periods  in  the  other .  months,  it  will  ^ve  excellent  service  and  serve  all 
practical  purposes.  If  too  much  sand  is  in  the  surfacing  material  the  road 
will  tend  to  ravel  or  disintegrate  and  it  becomes  necessary  to  add  a  small 
amount  of  clay  to  the  sandy  section.  A  thorough  harrowing  should  thffn 
be  given  the  surface,  after  which  the  road  should  be  thoroughly  machined 
or  dragged  until  the  proper  cross-section  is  obtained.  Likewise,  too  much 
clay  may  develop  in  wet  weather  and  the  addition  of  sand  becomes  necessary. 
Sand  can  be  incorporated  in  like  manner  as  the  clay.  In  very  wet  weather, 
traffic  will  incorporate  the  sand  fairlsr  well  and  it  frequently  becomes  neo- 
essary  to  add  sand  to  prevent  slipping,  when  artificial  n3ixing  would  be 
difficult." 

Gravel  Roads. — Gravel  roads  require  patrol  maintenance  for 
good  results.  The  road  should  be  shaped  with  a  road  machine 
blade  grader  in  the  spring  while  soft  and  plastic  and  kept  in  shape 
by  dragging*  Gravel  must  be  added  continuously  to  fiU  holes  and 
ruts.  Shoulder,  ditch  and  culvert  routine  cleaning  is  the  same  as  for 
any  maintenance. 

The  following  quotation  is  from  Instructions  to  Patrolmen  in 
New  Hampshire  which  is  famous  for  its  gravel  rpads. 

"Each  patrolman  mu^  supply  a  horse  and  dump  cart,  shovel,  pick,  hoe, 
rake,  ston&-hook«  axe,  iron  bar,  iron  chain  and  tamp.  Special  tools  are 
furnished  by  the  State  Highway  Department. 

"One  dra^ng  in  the  spring  is  worth  two  in  the  summer.  It  is  better 
to  drag  a  mile  of  road  several  times  and  get  it  in  good  condition,  than  to 
drag  2  or  3  miles  and  not  finish  any  part  of  it.  Pon't  drag  a  soft  section 
when  it  is  so  wet  that  the  first  vehicle  to  pass  will  rut  it  all  up.  First  fill 
the  holes  and  ruts  with  new  material  and  tnen  drag  as  the  Surface  dries  out. 
Bvery.  patrolman  should  have  material  dumped  in  small  piles  along  the 
side  of  his  section  so  that  on  a  rainy  day  he  can  at  once  fill  all  holes  and  ruts 
in  which  water  is  collecting. 

"When  the  weather  is  unsuitable  for  dragging,  as  during  a  dry  spell, 
all  patrolmen  should  cart  on  all  the  new  materiel  i>os8ible  in  order  to  fill 
all  ruts  and  holea  and  resurface  worn  sections.     Carting  is  very  essential 
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durinff  dry  periods  and  should  never  be  neglected.  Whenever  a  patrolman 
is  in  doubt  as  to  what  to  do  next  the  general  rule  is  to  cart  new  material, 
for  all  roads  are  wearing  out  under  travel  and  it  is  necessary  that  the  surface 
be  continually  renewed  to  take  the  place  of  the  old  material  that  is  thrown 
out  as  mud  or  blown  away  as  dust. 

"Save  all  the  sods,  leaves,  rubbish,  stones  and  reftue  that  vou  clean  off 
your  road  and  dump  this  waste  material  in  places  where  the  bank  is  steep 
so  that  by  flattening  the  side  slope  there  will  be  no  need  of  a  guard-rail, 
or  dump  the  material  back  of  a  present  guard-rail  so  that  later  this  guard- 
rail can  be  removed." 

The  necessity  for  patrol  maintenance  is  shown  by  the  following 
extract  from  the  Iowa  Specifications. 

Maintenance  of  Gravel  Roads 

"County  engineers'  and  supervisors'  attention  is  called  to  the  fact  that 
both  Class  A  and  Class  B  gravel  roads  require  constant  and  sjrstematit 
maintenance  at  all  times.  Special  attention  should  be  given  such  roads  for 
the  first  year  following  their  construction.  During  this  period  the  ^avel 
is  sure  to  become  rutted,  wavy,  and  scattered  if  it  is  not  maintained  m  the 
most  careful  manner. 

"Hauling  gravel  and  dumping  it  on  the  road  does  not  produce  a  gravel 
road.  The  most  important  part  of  the  construction  work  lies  in  the  attention 
which  the  road  received  while  the  gravel  is  bein^  compacted.  A  road  newly 
surfaced  with  gravel  is  nothing  but  a  possibility.  The  success  or  failure 
of  such  a  possibility  depends  very  largely  on  the  attention  which  it  receives 
during  its  first  year.  The  frequent  use  of  a  planer  or  blade  grader  will 
prevent  the  formation  of  ruts  and  waves.  This  work  should  be  done  while 
the  gravel  is  wet,  as  better  results  will  be  secured. 

"The  scattered  ^avel  should  be  brought  back  on  the  surfacing  and  the 
earth  shoulders  built  up  to  hold  this  material  in  place.  Additional  gravel 
should  be  added  to  replace  that  worn  away  and  to  fill  any  depressions  due 
to  settlement. 

"The  Commission  strongly  urges  that  the  patrol  system  of  maintenance 
be  adopted  for  all  gravel  roads.  The  patrolman  should  spend  all  his  time 
on  the  road.  It  is  only  by  such  a  system  that  definite  responsibility  can 
be  fixed.  Patrol  maintenance  should  extend  not  only  over  the  first  year 
after  the  gravel  surface  is  placed,  but  also  throughout  the  succeeding  years. 
It  should  extend  to  the  side  ditches,  earth  shoulders,  culverts,  and  all  oth^r 
parts  of  the  road  as  well  as  to  the  gravel  surfacing. 

"While  the  patrol  system  of  maintenance  is  urged  for  all  gravel  roads,  it  is 
absolutely  necessary  for  Class  B  jcravel  roads.  These  spedfications  have 
been  prepared  with  that  idea  in  mind. 

"The  Commission  will  approve  the  construction  of  Class  B  gravel  roads 
on  the  county  system  only  on  condition  that  an  adequate  patrol  mainte- 
nance will  be  established  promptly  after  svtch  xoad  is  placed  in  service." 

Iowa  Highway  Commission. 

Cost— We  are  indebted  to  Mr.  F.  R.  White,  Road  Engineer  of 
the  Iowa  Highway  Commission  for  the  following  information 
in  regard  to  the  construction  and  maintenance  cost  of  about  400 
miles  of  Class  B  gravel  roads  (see  Plate  No.  39,  page  140).  These 
roads  were  constructed  at  a  cost  slightly  above  $1 000  per  niile.  The 
cost  of  maintenance  depends  very  largely  on  the  volume  of  trafiBc 
and  the  location  of  gravel.  However,  where  there  is  an  average 
of  200  to  300  vehicles  per  day  and  the  gravel  can  be  obtained  within 
3  miles  of  the  road  tne  yearly  cost  of  maintenance  is  about  $150 
per  mile. 

In  New  York  State  where  the  roads  are  oiled  to  care  for  a  some- 
what larger  volume  of  traffic  200  miles  of  high-^lass  gravel  roads 
cost  approximately  $550  per  mile  per  year  to  maintain. 
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A  fair  average  maintenance  cost  per  mile  per  year  for  double 
track  gravel  roads  is  probably  from  $200  to  $300  under  fairly 
heavy  travel. 

HIGH  TYPE  ROAD  MAINTENANCE 

In  the  development  of  any  system  of  highways  the  methods  and 
cost  of  maintenance  become  increasingly  important.  The  rapid 
growth  of  mofor  traffic  in  the  last  few  years  has  changed  both 
methods  and  cost  making  it  necessary  to  give  new  figures  which  are 
reliable  for  present  traffic  conditions.  We  have  therefore  confined 
ourselves  in  the  discussion  to  recent  costs  with  which  we  are  familiar 
in  order  that  in  stating  general  conclusions  proper  allowance  is 
made  for  unusual  conditions  not  shown  in  the  reports  of  various 
State  Highway  Departments. 

The  discussion  will  be  based  on  the  general  maintenance  costs 
and  methods  employed  on  6coo  miles  of  New  York  State  improved 
Highwa}^  of  all  types  for  the  years  19 15  and  191 7  and  detail  costs 
on  600  miles  of  roads  in  Western  New  York  for  a  term  of  years. 

We  are  indebted  to  Mr.  Frank  Bristow  for  the  following  discus- 
sion of  general  maintenance  methods  and  summarized  costs.  It 
should  be  borne  in  mind  that  the  discussion  and  costs  apply  to 
territory  subjected  to  severe  winters. 

MAINTENANCE  OF  MACADAM  AND  RIGID  PAVEMENT 

HIGHWAYS 

By  Frank  W.  Bristow 

N.  Y.  S.  Dept.  of  Highways,  Division  on  Maintenance 

Maintenance  comprises  keeping  the  paved  roadway  surface  in  as 
nearly  perfect  condition  as  possible,  keeping  the  earth  shoulders 
smooth  and  safe  for  traffic;  the  drainage  system  free  from  obstruc- 
tions; all  structures  in  good  repair;  removing  obstacles  to  vision  as 
brush  or  overhanging  branches;  and  cutting  tall  weeds  and  grass. 

If  the  work  of  maintaining  improved  roadways  is  consistently 
performed  through  successive  years  it  is  certain  that  the  efficient 
life  of  such  roads  will  be  lengthened.  Maintenance  should  CQm- 
mence  when  construction  leaves  off,  because  in  order  to  effectively 
and  economically  maintain  improved  roads  it  is  necessary  that  the 
roadway  be  in  a  good  state  of  repair  at  the  time  the  maintenance 
work  begins,  and  should  the  pavement  be  so  worn  as  to  be  structur- 
ally weak  it  is  not  economy  to  postpone  resurfacing. 

Maintenance  work,  including  surface  treatment  with  bituminous 
material  and  cover,  should  be  distinguished  from  extensive  repairs 
involving  replacing  of  wearing  course  or  reconstruction. 

Maintenance  of  Macadam  Roads 

It  is  especially  desirable  that  all  surface  treatments  be  completed 
as  early  m  the  season  as  possible;  say  by  mid-summer  to  permit 
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traffic  to  enjoy  the  greatest  benefit  from  such  treatment,  the  season 
of  heaviest  motor  traffic  being  from  the  middle  of  July  to  the  middle 
of  September.  So  far  as  practicable  the  correction  of  surface 
defects  such  as  ruts  and  depressions  should  precede  the  surface 
treatments.    . 

While  the  elimination  of  dust  on  macadam  roads  is  desirable 
as  adding  to  the  comfort  of  the  traveling  public,  it  is  necessary 
from  the  maintenance  point  of  view,  inasmuch  as  dust  means 
deterioration  of  the  road  which  if  permitted  to  continue  results  in  a 
raveled  condition  and  the  macadam  will  disintegrate.  Surface 
treatment  with  oil  or  tar  also  tends  to  seal  or  waterproof  the  pave- 
ment. Horse-drawn  steel-tired  traffic  tends  to  destroy  an  oiled 
surface  mat,  while  rubber-tired  motor  traffic  is  beneficial. 

It  is  good  practice  not  to  oil  macadam  roads  upon  which  horse- 
drawn  traffic  greatly  predominates  or  new  waterbound  macadam 
which  has  not  been  under  traffic  at  least  two  months,  or  extremely 
shady  roads. 

The  usual  foundation   defects  which  develop  in  gravel   and 
macadam  surfaces  are  ruts,  due  to  a  soft  condition  in  the  earth  ■ 
sub^grade,  depressions  due  to  settlement  of  fills  which  commonly 
develop  at  locations  where  new  culverts  were  constructed  and 
frost  boils. 

Shallow  ruts  and  surface  depressions  are  corrected  by  being  filled 
in  with  crushed  stone  of  as  large  size  as  the  depth  of  depressions 
will  permit,  the  same  being  well  tamped  into  place,  and  more  lasting 
results  are  obtained  if  a  proper  grade  of  bituminous  material  is  used 
to  firmly  bind  the  new  stone;  light  asphaltic  oils  and  tars  have  been 
used  for  this  purpose  with  unsatisfactory  results,  in  that  patches 
niade  by  this  method  do  not  endure,  the  experience  being  that  the 
material  forming  the  patch  is  pushed  ahead  by  traffic  leaving  the 
original  depression  exaggerated  by  the  bunch  of  new  patching 
material  at  the  end.  Heavier  binder  grade  material  has  been  used; 
a  patch  by  this  method  is  durable  but  does  not  wear  away  as 
rapidly  as  the  adjacent  surface  resulting  in  a  high  spot  in  time. 
To  date  our  experience  is  that  an  asphaltic  emulsion  for  cold  patching 
is  most  satisfactory,  being  nearly  fool  proof  and  requiring  no  equip- 
ment but  a  broom  and  shovel.  This  material  is  not  recommended 
for  use  with  stone  of  greater  size  than  will  pass  a  one  and  a  quarter 
inch  ring.  In  using  this  material  th^  depression  to  be  repaired 
should  be  swept  clean,  so  as  to  be  free  from  mud  or  loose  material, 
and  tamped  full  of  a  mixture  oi  the  emulsion  and  broken  stone. 
Such  a  patch  will  require  an  hour  or  two  to  set.  The  proportions 
of  the  mixture  required  are,  where  the  stone  used  are  uniform  in 
size,  about  three-quarters  of  a  gallon  per  cubic  foot  of  stone;  where 
the  stone  are  graded  about  a  gallon  per  cubic  foot.  This  mixture 
may  be  made  in  moderate  quantities  as  stock  for  use  is  required. 
Ruts  in  gravel  surfaces  may  be  eliminated  by  the  use  of  a  hone 
early  in  the  seaspn.  Deep  ru^  indicate  necessity  of 'either  sub- 
drainage  or  reinforcement  of  the  foundation;  an  inspection  should 
determine  whidi  is  the  prq^er  remedy.  On  side  hUl  roads  frequently 
a  deep  drain  in  the  upper  side  ditch  to  intercept  the  ground  water 


OILING  20I 

will  be  effective;  where  reinforcement  is  decided  as  necessary, 
usually  sub-base  construction  about  eight  feet  in  width  will  be 
sufficient.  Field  stone,  quarry  spalls,  broken  Etone,  slag  or  gravel 
are  proper  materials  for  such  reinforcement. 

Frost  Doils  so-called  are  caused  by  wet  spots  in  the  earth  founda- 
tion freezing  and  heaving;  later  when  the  frost  leaves  and  the 
foundation  soil  is  soft  the  thin  macadam  crust  tends  to  break  through 
under  loaded  wheels.  These  spots  which  usually  occur  where 
the  road  construction  is  in  a  cut,  should  be  excavated,  and  drained 
if  practicable;  any  wet  clayey  soil  or  silt  removed  and  replaced  by 
gravelly  material,  field  stone,  quarry  spalls  or  other  good  material; 
the  macadam  is  then  replaced. 

Ravel  is  the  term  applied  to  describe  the  condition  where  the 
fragments  of  broken  stone  become  loosened  from  the  body  of  the 
road,  due  to  the  binding  agent  failing  to  perform  its  function. 
Bare,  toothy  or  a  pitted  condition  of  surface  are  the  varjring  degrees 
of  a  slightly  rough  surface  due  to  the  interstices  between  the  frag- 
ments of  stone  not  being  filled  flush  with  the  binding  material  or  when 
the  wearing  surface  has  innumerable  extremely  &ght  depressions. 
Dust,  which  is  self-explanatory. 

The  remedy  for  raveled,  pitted  or  dusty  condition  is  a  surface 
treatment  of  bituminous  material  and  cover. 

These  treatments  are  generally  made  using  a  grade  of  asphaltic 
residuum  oil  or  a  refined  tar  product  which  can  be  applied  cold,  or 
which  requires  very  little  heating,  and  better  and  more  uniform 
results  are  obtained  where  a  pressure  distributor  is  used.  If  a 
pressure  machine  is  used  not  less  than  twenty  pounds  pressure 
should  be  required. 

Asphaltic  base  oils,  or  tar  products  having  a  bituminous  content 
of  from  40  to  60  per  cent,  may  be  applied  by  gravity  sprinkler, 
but  60  to  75  per  cent,  asphaltic  oils  or' tars  containii^  60  to  70  per 
cent,  of  pitcn  are  preferably  applied  by  pressure.  Uniformity 
in  application  is .  important. 

As  to  the  relative  merits  of  asphaltic  residuum  oils,  cut  back 
asphalts,  high  carbon,  or  low  carbon  tars  there  is  a  diversity  of 
opinion  (see  also  page  210).  Relative  cost  and  durability  will 
naturally  be  the  considerations  GontroUinjg  the  selection.  The 
material  which  is  the  cheaper  at  one.delivery  point  may  not  be  at 
some  ofier.  As  to  the  durability  it  is  doubtful  if  there  is  any  ad- 
vantage as  between  the  asphalt  and  tar  products.  When  applied, 
the  tar  material  appears  to  take  a  set  faster  than  the  asphalt,  which 
is  a  decided  advantage,  but  more  criticism  is  made  as  to  slipperiness 
of  the  tarred  surfaces  during  freezing  weather.  It  is  thought  that 
the  tars  have  the  greater  adhesive  quality,  but  that  the  exposed 
surface  due  to  evaporation  of  volatile  constituents  becomes  crumbly 
or  dead  in  a  shorter  time  thati.  a  similar  grade  of  asphalt. 

R^arding  rate  of  application  per  unit  area,  this  will  vary  with 
the  porosity  of  the  surface  to  be  treated;  for  the  cold,  or  light  hot 
application  ranging  between  one-sixth  and  one-third  gallon  per 
square  yard.  Experience  is  that  from  one-fifth  to  one-quarter  gal- 
lon will  produce  good  results  on  the  average  surface. 
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Preliminary  to  the  applying  of  the  bituminous  material  the 
surface  to  be  treated  shoiud  be  swept  clean  if  necessary,  to  free  it 
from  all  loose  and  organic  matter;  after  this  has  been  done  the 
application  can  proceed  regardless  of  whether  the  surface  is  wet 
or  dry,  providing  there  are  no  pools  of  standing  water  on  the  surface, 
a  slightly  damp  surface  apparently  gives  better  penetration  than 
an  absolutely  ory  surface,  the  object  sought  being  to  get  the  mate- 
rial into  the  texture  of  the  road.  The  surface  treatment  should  be 
confined  to  one  side  or  half  width  of  the  road  at  a  time,  leaving 
the  other  side  available  for  traffic.  Some  little  time  should  be 
allowed  for  proper  penetration,  but  within  one  hour  after  the 
application  it  should  be  lightly  covered  with  suitable  material. 
Traffic  can  now  use  this  side  and  the  treatment  continued  on  the 
opposite  side. 

The  materials  recommended  for  cover  are  crushed  stone  or  slag 
which  will  pass  a  }^m,  mesh  and  are  free  from  dust;  ore  tailings, 
fine  screened  gravel  or  coarse  sharp  sand.  The  toughness  of  the 
mineral  aggregate  used  for  oiling  cover  is  an  element  in  the  dura- 
bility of  the  mat  formed  by  the  treatment.  Relative  cost  will 
determine  the  selection  of  material  to  be  used  for  cover.  The  quan- 
tity of  cover  necessary  will  vanr  with  the  rate  of  application  of  the 
bituminous  material  and  with  ue  porosity  of  the  surface  treated. 

Where  the  rate  of  application  of  oil  is  from  one-fifth  to  one-<iuarter 
gallon  per  square  yard  the  range  of  cover  may  be  stated  as  being 
between  35  and  70  cu.  yd.  per  mile  of  road  16  ft.  wide,  and  gen- 
erally 40  to  50  cu.  yd.  will  be  ample. 

This  cover  should  be  uniformly  applied  either  by  hand  or  by 
mechanical  spreader;  however,  only  sufficient  to  cover  the  oil  lightly 
should  be  applied  at  one  time.  It  will  require  two  or  three  separate 
spreadings  from  time  to  time  as  the  surface  becomes  ^iny  and 
sticky  to  produce  a  perfect  mat.  Any  excess  unused  material 
delivered  for  cover  snould  finally  be  gathered  up  and  stored  in 
neat  piles  back  of  the  ditch  line  where  possible.  Tnese  treatments 
do  not  require  rolling,  although  rolling  tends  to  turn  any  coarse, 
sharp  fragments  of  cover-material  onto  their  broader  sides,  reducing 
danger  of  tire  cuts  to  a  minimum. 

Thick  mats^  formed  of  binder  and  ^-inch  stones  while  durable 
are  not  generally  satisfactory;  they  are  expensive,  costing  from 
.$1000  to  $2000  per  mile  and  frequently  become  rough  under  traffic, 
although  they  do  serve  at  times  to  cany  a  road  along  for  a  few  yeais 
which  would  otherwise  be  a  resurfacing  matter.  This  treatment 
also  is  used  to  restore  a  crown  to  a  road  worn  flat. 

On  gravel  and  new  waterbound  macadam  and  upon  roads  where 
there  is  little  motor  traffic,  maintenance  by  calcium  chloride  is 
effective.  Where  this  treatment  is  used  the  applications  may  be 
of  the  granulated  crystals  applied  by  hand  or  by  a  mechanical 
spreader,  at  the  rate  of  i  lb.  to  i  J^  lb.  j)er  square  yard;  preliminary 
sweeping  is  not  necessary  unless  there  is  excessive  dust  say  3^-in. 
depth  or  more  upon  the  surface  proposed  to  be  treated.    Should 

1  The  authors  wish  to  effiphasiee  the  danger  of  using  thick  mats  for 
ordinary  maintenance. 
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this  treatment  be  made  immediately  preceding  a  rain,  a  consid- 
erable quantity  of  material  would  be  lost.  Two  or  three  treat- 
ments as  above  should  suffice  for  the  average  season,  and  the  width 
treated  may  be  confined  to  the  width  of  Uie  traveled  way.  This 
treatment  lias  cost  in  New  York  State  about  $150  a  mile  a  year. 
Surfaces  whidi  have  previously  been  oiled  are  not  recommended  for 
calcium  chloride  treatment. 

In  cases  where  continued  surface  treatments  of  bituminous 
material  through  successive  years  has  built  up  an  excessive  depth 
of  mat,  which  has  a  tendency  to  be  unstable  and  rut,  it  is  suggested 
that  such  mat  be  removed  and  spread  upon  the  shoulders,  which 
will  cost  from  $50  to  $150  a  mile,  and  that  surface  treatments  be 
again  made  upon  the  macadam  itself.  Should  it  be  found  that  the 
macadam  has  become  uneven,  as  to  crown  and  grade,  or  is  badly 
worn  or  has  numerous  holes,  it  is  suggested  that  the  road  be  scari- 
fied and  thoroughly  dragged  with  a  heavy  spike-tooth  harrow,  after 
which  an  agricultural  weeder  should  be  repeatedly  hauled  over  Uxe 
road,  the  object  sought  being  to  work  all  of  the  finer  particles  to 
the  bottom  of  the  scarified  course,  leaving  fairly  clean  coarse  stone 
at  the  surface;  this  should  be  shaped  up  by  hand  or  scraper  and 
rolled  to  develop  any  irregularities  in  the  surface  which  should  be 
corrected  by  the  addition  of  new  crushed  stone.  Any  pockets 
of  fine  material  should  be  removed  and  replaced  by  new  top  course 
stone,  the  weeder  should  again  be  used  to  loosen  the  stone,  which 
will  then  be  ready  for  the  first  application  of  binder,  which  may  be 
at  the  rate  of  three-quarters  of  a  gallon  per  square  yard,  application 
being  made  by  a  pressure  distributor,  the  surface  then  to  be  covered 
with  a  layer  of  ^-in.  broken  stone  and  thoroughly  rolled.  During 
the  rollini^,  additional  ^-in.  stone  shall  be  applied  and  broomed 
about  until  the  voids  in  the  top  cour^  are  weU  filled;  all  loose  stone 
shall  then  be  swept  from  the  surface  and  a  sealing  cost  of  one-half 
gallon  of  binder  per  square  yard  shall  be  applied  and  immediately 
covered  with  a  layer  of  H-iu.  stone  and  again  rolled;  surface  will 
then  be  ready  for  traffic.  This  treatment  is  probably  better 
adapted  to  waterbound  macadam  than  to  the  penetration  bitumi- 
nous tjrpe;  however,  if  found  necessary  to  break  up  and  reshape 
penetration  macadam,  it  is  suggested  that  the  latter  loosening  by 
the  weeder  qe  omitted  and  a  spread,  one  stone  thick,  of  2-in.  broken 
stone  be  applied  and  the  first  application  of  binder  be  increased  to 
one  gallon  or  one  and  a  (quarter  gallons.  This  method  is  not  ap- 
plicabe  to  an  extended  mileage  as  it  is  generally  better  to  resur- 
face Iwhen  a  road  reaches  this  stage. 

Concrete  Roads  with  Thin  Bituminous  Surfaces.— ;The  second- 
class  concrete  with  thin  bituminous  wearing  surface  is  a  difficult 
type  to  maintain;  the  bituminous  surface  under  traffic  patches  off, 
and  as  the  concrete  is  usually  not  strong  enough  to  resist  abrasion, 
holes  develop  in  the  concrete;  patching  results  in  a  rough  riding 
surface  and  probably  the  best  way  to  secure  a  smooth  riding  road 
is  to  resurface,  using  a  2-in.  bituminous  mixing  type  to^. 

Asphalt,  Topeka  Mix,  Amiesite,  Etc. — ^The  holes  which  develop 
in  the  bituminous  mixing  method  type  wearing  surfaces  should  be 
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repaired  as  follows:  Excavate  the  old  material  at  the  defective 
spot  the  entire  depth  of  course,  so  that  the  edges  will  present 
clean,  vertical  surfaces,  these  surfaces  and  the  exposed  foundaition 
to  be  swabbed  or  painted  with  hot  asphaltic  cement  or  paving 
pitch,  the  hole  then  to  be  filled,  with  a  mixture  similar  to  that  used 
m  original  construction,  whenever  practicable,  using  sufficient 
quantity  so  that  after  consolidation  by  rolling  (or  tamping  in  case 
the  extent  of  repairs  is  limited)  the  surface  of  the  new  patch  will 
be  flush  with  the  adjacent  pavement.  In  case  there  is  no  local 
mixing  plant  available,  or  the  limited  extent  of  repairs  do  not  jus- 
tify expense  of  treatment  as  above,  holes  may  be  riepaired  with 
the  mixture  of  crushed  stone  and  cold  patch  asphaltic  emulsion,  as 
outlined  for  macadam  surfaces. 

Concrete  Pavements. — ^The  cracks  which  develop  in  concrete 
pavements  may  be  the  result  of  either  frost  action,  settlement  of 
foundation  or  contraction,  and  are  properly  treated  by  being 
poured  with  hot  paving  pitch  or  asphalt  binder.  If  spots  disinte- 
grate, the  defective  material  shoula  be  removed  and  replaced  by 
new  concrete. 

Biick Pavements. — Block  pavements  of  brick,  stone,  asphalt,  etc., 
properly  constructed  should  not  require  repairing  for  a  considerable 
term  of  .years;  cracks  which  develop  should  be  grouted  with  hot 
paving  pitch  or  asphalt  binder;  areas  which  settle,  thereby  breaking 
the  bond  of  the  grouted  joints  resulting  in  crushing  or  cobbling 
the  blocks,  should  be  taken  up,  the  sand  cushion  reformed,  all  sound 
blocks  cleaned  and  relaid,  being  turned  over  where  necessary,  any 
broken  blocks  to  be  replaced  by  new  whole  ones,  joints  then  to  be 
grouted  with  Portland  cement  grout  preferably,  if  the  original 
pavement  was  so  constructed,  otherwise  the  joints  may  be  poured 
with  hot  paving  pitchv  It  should  be  noted  that  repairs  with  fresh 
cement  grout  require  to  be  protectied  by  barricaaes  for  a  period 
of  about  a  week,  so  that  such  repairs  should  be  confined  to  one  side 
of  the  pavement  in  long  stretches,  leaving  the  other  side  available 
for  traffic;  where  the  repairs  are  limited  in  extent  and  barricades  are 
especially  undesirable,  the  patch  may  be  covered  with  two  inches 
of  earth  and  further  protected  by  planking  during  the  time  required 
for  the  grout  to  set.  Where  joints  are  poured  with  paving  pitch, 
traffic  need  be  diverted  only  during  the  tmae  of  actually  making  the 
repair;  this  is  a  decided  advantage. 

Observation  demonstrates  that  horse  traffic  on  steep  grades  leave 
the  pavement  and  seek  the  earth  shoulder,  so  that  so  far  as  prac-' 
ticable  these  shoulders  should  be  improved  by  widening,  and  by 
graveling  or  covering  with  broken  stone  to  avoid  excessive  rutting, 
also  that  on  sharp  curves  the  tendency  of  motor  vehicles  is  to  cut 
close  to  the  inner  edge,  making  it  weU  for  this  reason  to  stone  or 
gravel  the  shoulders  at  these  points. 

Along  the  edges  of  the  rigid  t3rpes  of  pavement,  block  and  con- 
crete especially,  traffic  usually  develops  a  deep  rut  which  if  neg- 
lected becomes  dangerous,  to  rapidly  moving  traffic;  this  rut  should 
be  kept  filled  with  gravel  or  broken  stone.  Excess  material  when 
removed  from  the  shoulders  should  be  so  disposed  of  as  to  widoi 
embankments  and  flatten  slopes. 


MAINTENANCE-  COSTS  205 

General  Organization  Methods. — There  are  three  general  plans 
for  performing  the  work  of  general  maintenance,  the  patrol  system, 
the  repair  gang  and  by  contract.  The  nature  of  the  work  renders  it 
difficult  to  estimate  in  terms  of  labor  and  material  with  precision, 
so  that  except  in  the  case  of  surface  treatments,  repair  by  contract 
is  not  advised.  By  the  patrol  system  the  roads  patrolled  are  under 
constant  supervision  and  the  responsibility  for  neglect  is  fiixed. 
The  repair  gang  may  be  used  to  supplement  the  patrol  S3rstem  when 
it  is  desired  to  expedite  extensive  small  repairs,  and  also  to  perform 
all  necessary  repairs  upon  any  roads  not  patrolled.  A  patrolman 
living  in  the  vicmity  of  his  work,  equipped  with  a  single  horse,  one- 
yard  wagon  and  small  tools,  costing  $3.00  a  day,  can  make  all  minor 
repairs  on  a  section  of  between  5  and  7  miles  of  macadam.  The 
repair  gang  should  be  equipped  with  a  small  motor  truck,  say  of 
one  and  a  half  tons  capacity,  to  be  used  in  transporting  the  men  and 
tools  within  a  radius  of  about  25  miles  from  their  headquarters 
base;  this  truck  can  also  assist  by  hauling  some  material  required 
in  the  work. 

It  is  concluded  that  a  combination  of  the  patrol  and  repair  gang 
systems  is  an  improvement  over  the  adoption  of  either  plan  of  or- 
ganization exclusively,  also  that  tiie  success  of  either  plan  depends 
entirely  upon  the  experience,  good  judgment  and  ability  of  the  man 
in  direct  charge  and  control  of  this  work.  As  nearly  all  of  the 
hauling  in  connection  with  maintenance  work  is  over  hard-surfaced 
roads,  motor  equipment  for  delivering  stone,  oil,  etc.,  would  natu- 
raUy  be  considered.  The  writers*  opinion  is  that  for  short  hauls 
teams  are  economical,  also  that  the  motor  tractor  and  trailers  sys- 
tem of  equipment  are  more  efficient  than  the  complete  single  unit 
system. 

Summarized  Costs  for  the  Season  of  1915  New  York  State. — 
In  order  that  the  following  figures  may  be  more  easily  understood, 
it  is  well  to  outline  the  development  of  the  use  of  the  different  types 
of  pavement. 

From  1898  when  State  highway  improvement  began  until  1909 
to  which  time  1787  miles  had  been  constructed,  practically  the 
entire  mileage  consisted  of  waterbound  macadam.  Up  to  ^is 
time  there  had  been  no  systeniatic  maintenance,  which  resulted 
in  a  large  mileage  of  road  requiring  more  than  ordinary  expenditure 
to  bring  it  up  to  standard. 

Beginning  in  1909,  penetration  bituminous  macadam  was  gener- 
ally used  on  the  main  roads  with  brick  near  cities  and  villages. 
About  191 2  the  department  tried  out  concrete  roads  with  thin 
bituminous  oil  tops.  This  type  proved  unsatisfactory  in  that  the 
bituminous  siu^ace  peeled  in  spots  and  the  concrete  used  was  not 
sufficiently  strong  to  stand  the  traffic  directly.  The  high  cost  of 
maintenance  can  be  seen  from  the  following  table.  The  type  has 
not  been  used  since  191 4.  The  department  is  now  designing 
first-class  concrete  roads  where  roads  of  that  class  are  economical. 
In  the  following  tabulation  of  maintenance  and  renewal  costs, 
therefore,  the  average  per  mile  represents  approximately  a  fair 
sample  of  both  yeany  maintenance  and  renewal  for  waterbound 
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macadam,  gravel  and  concrete  bituminous  and  represents  only 
ordinary  yearly  maintenance  for  bituminous  macadam,  concrete 
pavements,  brick  and  other  high-class  rigid  pavements;  none  of 
these  latter  classes  have  been  down  long  enou^  to  y^t  require 
renewal,  which  makes  their  cost  as  shown  much  less  than  will  ulti- 
mately be  required. 

Of  the  mileage  shown  in  the  preceding  table,  the  following  table 
shows  the  amount*  of  resurfacing. 

Table  Showing  Resurfacing  Costs  1915  ^ 


Tjrpe  of  Road  Resurfaced 


No. 
Miles 


Total  Cost 


Cost 
per  mile 


Gravel 

Waterbound  Macadam 

Penetration  Bituminous. . . 
Concrete  Bituminous  top . . 
Block  Pavements 

Totals 


12.88 

176.29 

43  72 

24.85 

0.36 

258.10 


$    77,686.27 

997,776.66 

243,760.22 

160,321.37 

4,003.40 


11,483,547.92 


$  6,000 

6,000 

6,000 

6,400 

12,000 


^  The  t3rpe  of  resurfacing  is  not  necessarily  the  same  type  as  the  original 
road  as  shown  in  column  No.  x. 


Supplementary  Explanation  of  Mr.  Bristow's  General  Costs  and 

Discussion 

The  authors  wish  to  call  attention  to  two  points  in  the  general 
cost  tabulation.  The  average  cost  of  maintenance  and  renewal 
for  191 5  is  given  as  $750  per  Imle  for  the  total  system.  Thk  system 
includes  approximately  1000  miles  of  road  recently  built  on  which 
there  is  practically  no  charge  except  minor  repair  aggregating  not 
over  $200  per  mile  per  year.  For  a  completed  system  of  this  char* 
acter  all  of  which  is  under  normal  maintenance  and  renewal,  the 
average  cost  per  mile  would  be  approximately  $900  per  mile,  as  is 
evident  by  excluding  the  thousand  miles  from  the  tabulation  of 
total  cost. 

In  the  resurfacing  table  it  is  evident  from  the  cost  per  mile  that 
better  grades  of  top  courses  were  generally  placed  on  the  water- 
bound  and  gravel  roads  than  originally  constructed;  this  means  that 
in  some  cases  the  original  design  was  not  proper  for  the  class  of 
traffic  the  road  served. 

The  most  evident  faults  of  the  usual  maintenance  are  in  delaying 
the  work  till  late  in  the  season  and  in  careless  mending  of  ruts  and 
depressions  before  the  application  of  surface  treatments.  It  is 
well  to  emphasize  the  necessity  of  using  a  coarse  grade  of  stone 
preferably  iH"  to  2K"  size  in  mending  noticeable  depressions. 
ITie  hole  should  be  dug  out,  the  edges  squared  up,  the  depression 
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£Ued,  bound. with  heavy  binder  and  screened  and  rolled.  Ctu'etesa- 
ness  in  this  regard  baB  resulted  in  a  large  amount  of  justifiable  com- 
plaint.  The  following  quotation  from  the  igi;  report  of  Mr. 
Fred  Sarr,  ad  Deputy  Highway  Commisaoner  of  New  York 
State  is  very  reliable  and  up  to  date  data  as  the  bookkeeping  on 
..-k;^k  ;«■  :^  u^^^j  ;..  *c  ^  high  order- 

of  L  liiise  milaftflo 
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miEage  and  wide  distribution  should 
of  accuracy  the  aversfie  cost  of  m&inte 
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X  oS  the  particiUar  type. 


Type  of  Improved  Surface 

Miles  of 
Type 

Mlint'™n« 
Type 

Indu^nli*ii. 
eonstmction 

penetration   method,   ftfi- 

'.793 .77 

.64.34 

t,l=.oo 
970.00 

1,127-00 
918.00 

.3SJ-OD 

S04.00 
1,154.00 

1,443-00 

Waterbound  macadam. ,  . 

Brick  pavements 

Concrete: 

Second  Oass 

Gravel 

Bituminous  macadam, 
penetration  method,  tar 

"An  expenditure  cd  t34,3!>3  nhidi  « 

dition  sections  cA  impniyed  hiohways 
and  floods,  has  not  been  distributed  to 
volved.  in  that  the  type  of  construcli 
ardinary  expense. 


n  had  no  beanng  upon  this  eitn- 


MAINTENANCE  COSTS 


Second  Group 


Type  o(  Improved  Surface 

Miles  <X 
Type 

EictuEive  of 
to  Diffetfnt 

Total  Eipendi- 
tures  per  Mile 

Induing  Re- 

Block  pavenieBts: 
Asphalt,  concrete  base. . . 
Asphalt  macadam  base . 

I  J.  55 
2.53 

2.93 

0.33 

58.5  = 

3-73 
4-33 
33-74 
12,64 

13-3^ 

3  58 
13-153 

11.47 

4-80 
14.39 
17-SS 

1.39 

$340.00 
163.00 

30.00 

76-00 

619.00 

32.00 
1,131.00 

Stone , 

Brick    cubes,    macadam 

Concretes 

MixingMdhod: 
Amtesite,  concrete  base.  . 
Amiesite,  macadam  bitae 
Topeka,  concrete  base.  . . 
Topeka,  macadam  base . . 
Open     mixed,     concrete 

393 -oo 

Open    mixed,    macadam 

log. 00 

2l6.00 

1,380.00 

738.00 

174-00 
1,079.00 

3,884'.1^ 

Bitulithic,  concrete  base 
Henderson,    macadam 

•9,8.1.00 

Sheet  asphalt,  concrete 

Gravel    mixed,   grave 

Penetration  Method: 
Asphalt  binder,  concrete 

Kentucky  rock  asphalt 

Total  all  types 

6,639.11 

•643-00 

•767.00 

2IO 
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Type 

Average  of  the  Past  Three  Years 
Experience 

Averap;e  Mileage 
Maintained 

Average  Expendi- 
ture per  Mile-year 

Bituminous'penetration  method 

Waterbound  macadam 

Gravel 

Brick  pavement 

First  Class  concrete 

2,6S9 

2,408 

178 

280 

164 

253 

$464 . 00 
976.00 
824.00 
196.00 
124.00 

1,082.00 

Second  Class  concrete 

All  types 

6,099 

678.00 

General 

"Efficient  maintenance  of  macadam  pavements,  particularly  of  the  water 
bound  ^ype,  of  which  there  are  2535  miles  in  the  &tate  system -of  improved 
highways,  necessitates  frequent  surface  treatments  with  bituminous  mate- 
rials or  constant  patching  of  the  holes  that  rapidly  develop  under  the  present 
day  motor  vehicle  traffic. 

'Frequent  surface  treatments  are  objectionable  not  only  from  a  traffic 
standpoint,  but  frdm  the  fact  that  such  treatments  tend  to  build  up  an  un- 
stable mat  of  bituminous  material  and  mineral  aggregate  on  the  surface  of 
the  pavement  that  is  displaced  by  the  fast  moving  motor  vehicle  traffic,  and 
develops  a  rough  and  uneven  sunace. 

"It  has,  accordingly,  been  the  policy  of  this  Bureau  to  restrict  the  us^of 
surface  treatments  and  wear  the  surface  mat  down  as  this  is  possible  before 
giving  another  general  surface  treatment. 

"This  method,  while  tending  to  provide  a  smoother  surface,  requires 
constant  patching  during  the  latter  stages  of  the  wearing  down  process. 

"  Much  time  and  thought  have  been  given  to  the  study  of  the  results  -ob- 
tained by  various  methods  of  manipulation  and  materials  used  in  patching 
macadam  surfaces. 

"In  making  these  patches  to  pavements  carrying  any  considerable  amount 
of  motor  vehicle  traffic,  it  is  necessary  to  bind  the  mineral  aggregate  with 
some  form  of  bituminous  material. 

"Light  asphaltic  oils  and  refined  tar  products,  similar  to  those  used  for 
surface  treatments,  have  been  used  extensively  for  light,  thin  patches,  paint- 
ing the  area  to  be  patched  with  the  bituminous  material  and  covering  with 
stone  chips  or  sand. 

"Heavy  binders  that  require  heating  have  been  used  in  the  same  manner. 

"The  most  satisfactory  results  have  been  obtained,  where  the  required 
patch  must  be  one-half  inch  or  more  in  depth,  bv  mixing  the  mineral  aggre- 
gate with  a  heavy  asphalt  cr  tar  binder,  cut  back  with  hght  voltaic  oils  to  a 
consistency  that  will  mix  readily  with  the  mineral  aggregate  when  cold,  also 
with  an  emulsified  asphalt  binder  used  in  the  same  manner. 

"  The  bituminous  material  and  stone  aggregate,  being  mixed  either  by  hand 
or  in  a  small  concrete  mixer,  permits  of  a  proper  proportioning  of  the  mate- 
rials which  has  been  demonstrated  to  be  about  6  %  in  weight  of  solid  bitumen 
or  mineral  aggregate  used,  or  about  one  gallon  of  the  cut  bacjc  or  emulsion 
per  cubic  foot  of  crushed  stone. 

"With  asphalt  cut  back  the  best  results  have  been  obtained  bv  using  a 
material  made  from  an  asphalt  binder,  having  a  penetration  of  about  i6s, 
cut  back  with  about  33  %  in  weight  of  naphtha. 

"With  tar  cut  back  the  best  results  have  been  obtained  with  a  material 
made  from  a  refined  tar  binder  having  a  melting  point  of  about  70*^0.,  cut 
back  with  about  40  %  in  weight  of  tar  oils,  of  whica  at  least  60  %  shall  distil 
up  to  23S**C. 
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'A  vei7  satisfactory  material  for  patching  fmrposes  is  an  emulsified 
asphalt  containing  ^bout  65%  of  asphalt  binder  having  a  penetration  of 
about  165. 

"This  material  may  be  diluted  with  water  if  desired,  and  may  be  mixed 
with  wet  mineral  aggregate  when  found  in  that  condition.  It  readil]r  sepa- 
rates from  the  emtusified  state  when  combined  with  crushed  stone  in  the 
so-called  open  mix. 

"The  resultant  adhesive  qualified  of  an  emulsified  asphalt  appear  to  be 
better  than  can  be  obtained  by  the  same  asphalt  in  any  other  form. 

"The  only  tangible  reason  advanced  for  this  result  is  that  the  water  in 
the  emulsion  may  carry  the  binder  into  the  pores  of  the  material  or  pavement 
to  which  it  is  applied. 

* '  The  patch  made  with  emulsified  asphalt  hardens  to  a  condition  of  stabil- 
ity much  quicker  than  one  made  with  cold  oils  or  tars  or  cut  back  binder 
that  we  have  used,  and  is,  for  this  reason,  preferable  to  those  materials  for 
patching  work  on  heavy  traffic  highways. 

.-  "Very  good  results  have  been  obtained  with  the  cut  back  tar  cold  patch 
material,  particularly  on  medium  to  light  traffic  highways,  where. the  patch- 
ing material  is  not  thrown  about  by  traffic  to  any  great  extent. 

"In  order  to  obtain  efficient  results  in  patching  with  a  tar  binder,  it  is 
necessanr  to  make  a  so-called  cld^  mix,  by  using  a  graded  mineral  aggre- 
gate having  a  minimum  amount  of  voids,  which,  however,  will  not  permit 
the  volatile  oils  to.  evaporate  as  fast  and  the  patch  to  become  stable  as 
quickly  as  may  be  obtained  with  asphalt  emulsion  when  used  in  the  open 
mix.  It  is,  accordingly  preferable  when  using  tar,  to  mix  same  with  the 
mineral  aggregate  and  leave  in  shallow  piles  for  about  two  days  before  apply- 
ing to  the  road  surface. 

"The  necessity  for  using  the  close  mix  with  tar  binders,  is  due  to  the 
fact  that  tar  products  are  more' susceptible  to  the  heat  and  cold  than  asphalts. 

"In  other  words,  if  starting  with  the  two  materials  of  the  same  consistency 
at  6o°P.  and  the  temperature  is  raised  to  that  of  a  pavement  on  a  hot  sum- 
mer day,  say  I30°P.,  the  tar  is  much  more  fluid  than  the  asphalt  and  tends 
to  flow  away  from  the  open  mineral  aggregate,  and  the  open  patch  will  show 
a  tendency  to  ravel.  Again  when  the  temperature  is  reduced  to  that  of  a 
pavement  on  a  winter  day,  the  tar  becomes  much  more  brittle  than  the 
asphalts  and  again  the  open  patch  with  tar  binder  is  more  liable  to  ravel  out 
than  one  made  with  asphalt  binder. 

''A  comparison  of  the  result  obtained  with  the  two  materiitls  each  of 
which  contains  a  quantity  of  the  semi-volatile  oils  sufficient  to  permit  them 
to  be  applied  to  the  surface  of  the  pavement  at  60**?.  as  a  surface  treatment, 
demonstrates  that  the  tar,  by  reason  of  its  greater  fluidity  on  a  hot  summer 
day,  will  penetrate  the  old  pavement  to  a  greater  extent  than  the  asphalts, 
and  thereby  serves  more  as  a  binder  to  the  old  pavement.  It  is  tor  this 
reason  that  cold  tars  are  generally  used  as  the  first  and  second  treatment  of 
a  waterbpund  macadam  pavement,  subsequent  treatments  of  heavy  as- 
phaltic  oils  carrying  about  65%  of  solid  bitumen,  will  give  more  efficient 
and  letsting  results  if  used  conservatively,  that  is,  if  the  successive  treatments 
do  not  follow  eadh  other  too  closely. 

"When  successive  treatments  are  given  every  year  as  a  dust  layer  or  to 
obviate  the  necessity  for  patching,  cold  tar  is  preferable  in  that  it  does  not 
build  up  a  mat  on  the  sunace  of  the  pavement  to  the  extent  obtained  with 
asphaltic  oils. 

Providing  a  mat  is  built  up  with  successive  tar  treatments,  the  same  will 
generally  lie  flat  and  not  shove  under  traffic,  and  develop  a  wavy  and  corru- 
gated surface  as  is  often  obtained  with  too  frequent  surface  treatments  with 
asphaltic  oils.  , 

This  resulting  difference  is  due  to  the  aforesaid  difference  in  consistency 
at  summer  temperatures  of  the  pavements. 

"The  tar  being  so  fluid  at  summer  temperature,  it  appears  to  retain  a 
smooth  surface  by  the  effect  of  gravity,  while  the  asphalt  simply,  softens 
sufficiently  to  Tpenmt  the  surface  mat  to  be  displaced  oy  traffic,  which  dis- 
placement increased  from  day  to  day  and  oiten  necessitates  the^  entire 
removal  of  the  old  mat. 

"Another  fsictor  to  be  considered  in  deciding  upon  the  material  to  be  used 
for  the  surface  treatment  is  the  condition  of  the  old  pavement. 

' '  Where  the  old  macadam  is  composed  largely  of  small  parti<4es  of  crushed 
rock  and  dust,  and  is  in  a  more  or  less  loosened  condition,  and  is  subject 
to  displacement  by  traffic,  a  light  asphaltic  oil  is  pfef^rable  to  cold  tar  for 
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surface  t]'eatment&  The  asphaltic  oil  tfeatment  develops  into  a  mat  or 
carpet  over  the  macadam  which  remains  more  or  less  -plastic,  even  at  low 
temperatures,  and  displacement  of  the  macadam  under  traffic  does  not  result 
in  the  shattering  and  the  ultimate  destruction  of  the  mat  to  the  extent  ob- 
tained under  similar  conditions  with  tar  treatments. 

"  Also  for  the  same  reason,  asphaltic  oils  give  the  best  results  on  pavements 
where  steel  shod  traffic  predominates. 

"The  best  results  obtained  with  tar  treatments  are  where  the  old  macadam 
pavement  is  clean  or  free  from  dust  and  where  the  pavement  is  firm  and 
sound,  and  the  stone  fragments  do  not  displace  under  traffic,  and  where 
motor  vdhicle  traffic  predominates,  also  where  a  minimum  amount  of  cover 
material  is  used  in  conjunction  with  bituminous  material. 

"  Macadam  pavements  surface  treated  with  tar  are,  however,  much  more 
slippery  for  horse  traffic  in  cold  weather  than  those  treated  with  asphaltic 
oils. 

"In  my  report  of  a  year  ago,  I  discussed  to  some  length  the  subject  of 
the  extensive  breaking  through  of  many  of  the  pavements  during  the  spring 
months. 

"Referring  to  such  report  it  will  be  noted  that  the  total  area  actually 
broken  during  the  spring  of  1916  was  equivalent  to  83  miles  oi  pavements 
16  feet  wide,  and  that  the  broken  areas  wfre  distributed  over  many  projects 
aggregating  to  a  total  of  1939  miles,  of  which  an  average  of  4.2%  was 
broken  throiigh. 

"During  the  season  of  19x6,  about  75%  of  the  total  broken  areas  were 
substantially  repaired,  and  about  338  miles  of  the  weaker  pavements  were 
resurfaced. 

"The  spring  of  1917  appeared  to  be  a  repetition  of  the  previous  year  as 
to  the  amount  of  broken  pavements. 

"  The  result  of  a  survey  to  determine  the  extent  of  the  broken  pavements 
when  tabulated  indicates  that  the  total  broken  areas  were,  however,  but 
60  %  of  the  total  of  the  previous  year. 

"The  total  length  of  the  various  projects  involved  aggregating  2090  miles 
about  9%  larger  than  those  reported  in  the  previous  year.  Of  this  total 
length  the  eqmvalent  of  about  d.8  miles  of  pavement  16  feet  wide  was  broken 
up  or  about  3H  %  of  the  total  length  involved." 

Snow  RemovaL — On  main  roads  between  large  cities  snow 
removal  in  winter  has  become  part  of  the  regular  program.  In 
many  districts  automobile  trucking  relieves  rail  congestion  and  is 
needed  even  more  in  winter  than  in  summer.  The  Maintenance 
Departments  are  in  a  position  to  handle  this  work  with  their 
organized  forces  and  equipment  which  are  idle  at  this  time  of 
year  and  the  necessary  expense  is  certainly  worth  while  to  make  the 
main  roads  passable  for  trucks  the  year  round. 

Typical  MainteniGUice  Costs  of  Different  Types. — ^From  a  detailed 
study  of  600  miles  of  road  in  Western  New  York  with  which  we 
are  personally  familiar,  the  following  typical  costs  are  derived. 

It  is  assumed  that  the  type  used  is  suitable  for  the  class  of  traffic 
served  as  indicated  on  page  164. 

The  maintenance  system  is  a  combination  of  patrol,  gang  work 
and  contract.  A  one  man  patrol  with  horse  and  wagon  is  used 
to  keep  the  shoulders  in  shai>e,  the  ditches  and  culverts  clean  and 
small  holes  in  the  pavement  repaired.  Gang  work  with  proper 
machinery  under  State  control  to  paint  guard  rail  and  make  more 
extensive  surface  repairs  and  contract  work  for  oiling  and  surfacing. 
Detail  oiling  costs  are  given  under  cost  data  (page  653).  This 
system  is  not  highly  efficient,  as  the  executive  heads  are  changed 
at  short  intervals  for  partisan  reasons;  the  department  is  a  con- 
venient means  of  dispensing  minor  patronage  and  the  maintenance 
money  is  rarely  available  early  enough  in  the  spring  to  be  used  to 
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advantage,  but  it  represents  about  as  good  a  method  as  can  be 
expected  in  doing  public  work  on  a  large  scale  and  as  such  is  of  more 
practical  value  as  a  guide  of  costs  than  figures  based  on  maximum 
eflSciency. 

Patrol  Work  Macadam  Roads. 

Regular  patrol  labor $70  per  mile  per  year 

Extra  labor 40 

Maintenance  material 45   "      " 

Guard  rail,  incidentals,  etc 20  "      ** 


a         li        II         u 
a         u 


u  n         n  i< 


Total  per  mile  per  year $i  75* 

Say  $200  for  waterbound  roads 

Say  $150  for  bituminous  penetration  roads. 

Patrol  Work  Rigid  Pavements. 

Regular  patrol  labor $30  per  mile  per  year 

Extra  labor 15   "      "      "      " 

Shoulder  material,  etc 30   "      "      "      " 

Guard  rail,  incidentals,  etc 20  "      "      "      " 

Total  per  mile  per  year $95 

Say $ioo 

15'  Waterbound  Macadam,  Class  n  and  IV  Traffic. 

Life  of  top  course  4  to  1 2  years.     Say  7  years  Class  II  and  9 
years  Class  IV. 

Class  n  Traffic 

Yearly  patrol  including  materiab  for  minor  repairs  and  painting 

guard  rail  at  $200  per  mile  per  year $1400 .  00 

Calcium  chloride,  ist  and  8th  years  @  $125  per  mile 

per  year 250 .  00 

Cold  oiling,  2d  year 200 .00 

"      3d    " 200.00 

"     5th    "   250.00 

Hot  oiling  6th    " rooo .  00 

Cold  oiling  7th    " 250 .  00 

Resurfacing  ?nth  waterbound  macadam  8th  year 4000.00 

Eight  year  total.  4 $7S5o.oo 

Cost  maintenance  and  renewal  per  mOe  per  year 9^.00 

Cost,  of  ordinary  maintenance  per  mile  per  year. 450- 00 

Class  IV  Traffic 

IQ  yearstotal  ^pprox.,  ..,...*              ?3poo .  oo 

Cost  of  maintenance  and  ^;enewal,  per  i^ile.  per  year 8bo .  00 . 

Cost  of  ordinary  maintenance — ............. ... . . .  400.00 


\ 
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15'  Penetration  Bituminous  Macadam  Class  n  and  IV  Traffic. 
Life  of  top  course  6  to  1 2  years.     Say  10  year  average. 

Yearly  patrol  @  $150  per  mile  per  year $1^500. 00 

Cold  oil    3d  year , 200 .  00 

"      "  Sth     "       250.00 

"      "7th     "       300.00 

Hot    "  9th     '*       1,000. oo> 

Cold  "  loth  "       250.00 

Resurfacing  nth  year  with  bituminous  macadam 6,000.00 

II   year  total $9,500.00 

Cost  maintenance  and  renewal  per  mile  per  year 900.00 

Cost  ordinary  maintenance 350. 00 

18'  Cement  Concrete  Pavement  Class  I  and  IL 

Class  I  Traffic  (12  year  life). 

Yearly  patrol  and  incidentals  @  $150 $1,800.00 

Resurfacing  the  13th  year  with  either  asphalt,  brick, 
clay  cubes  or  rebuilding  with  concrete  @  $10,000  to 
$16,000  per  mile , 14,000.00 

13   year  total $15,800.00 

Cost  maintenance  and  renewal  per  mile  per  year 1,220.00 

Cost  ordinary  maintenance 150.00 

Class  n  Traffic  (15  year  period). 

Yearly  patrol  and  incidentals $  1,500.00 

Resurfacing — 13,000. 00 

16  year  total 14,500. 00 

Cost  of  maintenance  and  renewal  per  mile  per  year $     900 .  00 

Cost  of  ordinary  maintenance 100.00 

18'  Brick  Pavement  Class  I  Traffic 

Probable  life  15  years  based  on  reports  from  80  cities. 

Range  of  life  10  to  25  years. 

Yearly  patrol  and  incidentals $  2,250.00 

Replacing  brick  surface 18,000. 00 

16  year  total $20,250.00 

Cost  of  maintenance  and  renewal  per  year $  1,250.00 

Cost  ordinary  maintenance 150. 00 

Maintenance  Conclusion. — The  indications  are  that  the  yearly 
cost  of  maintenance  and  renewal  of  a  well  designed  high-class 
road  system  will  run  about  $900  per  mile  per  year.  The  e£fect 
of  bad  design  is  evident  from  resurfacing  costs,  for  if  waterbound 
macadam  is  built  on  a  Class  I  traffic  roaid.the  life  is  easily  halved, 
increasing  the  maintenance  and  renewal  cost  to  $1500  per  mile 
per  year  and  causing  continual  iaconvenience  to  the  traveling 
public  by  repairs  and  reconstruction. 

Probabfy  the  most  feasible  method  of  reducing  maintenance 
cost  wHl  be  the  utilizing  piiison  labor  to  manufacture  and  in  a  limited 
way  apply  the  maintenance  materials. 
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MINOR  POINTS 

Under  this  heading  are  included  right-of-wav  widths,  guard  rail, 
bridge  rail,  snow  fences,  retaining  waUs,  toe  walls,  curbs,  guide  and 
danger  signs,  cobble  gutters;  rip  rap,  catch  basins,  grates,  dykes, 
storm  sewers;  flow  of  water  in  (fitches  and  cattle  guajfds, 

Rigbt-of-way  Widths. — Many  of  the  older  communities  are 
handicapped  in  road  improvement  by  narrow  right-of-ways  which 
require  widening  at  a  large  expense  and  considerable  legal  difficulty. 
"Where  right-of-way  is  acquired  for  new  locations  future  develop- 
ment should  be  considered.  The  width  acquired  must  be  sufficient 
to  include  all  cut  and  fill  slopes.  Where  these  considerations  do 
not  increase  the  normal  width  the  following  normal  widths  are 
recommended: 

Mountainous  regions  (cheiap  land) loo  ft. 

Farming  coimtry  (moderately  cheap  land) 80  ft. 

Thickly  settled  districts  (expensive  land)\ 60  ft. 

Clearing  Widths. — Clearing  of  trees,  brushy  etc.,  depends  on 
height  and  thickness  of  growth;  the  object  of  clearing  is  first  to 
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Pig.  42.— ^Right-of-way  fence. 

remove  growth  within  the  slope  lines,  second  to  provide  a  clear 
view  and  third  to  clear  sufficient  width  to  allow  the  sun  to  reach 
the  road  and  dry  it  out  and  melt  snow.  This  last  depends  a  good 
deal  on  the  direction  in  which  the  road  is  running  ana  the  altitude 
and  geographical  location.  It  is  entirely  a  matter  of  judgment 
but  should  De. liberal  in  the  forest  distncts  and  ranges  from  30 
ft.  for  low  scrub  growth  to  150  ft.  in  adverse  location  and  thick 
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high  growth.  In  high  altitudes  the  roads  are  at  their  best  closed 
in  winter  and  if  careful  location  and  liberal  clearing  will  increase 
the  length  of  open  season  it  is  well  worth  while  as  in  effect  it  increases 
the  usefulness  of  the  road  by  15%  to  25%. 

Guard' Rail 

Wooden  Guard  RaiL — The  construction  generally  used  is  shown 
in  the  following  sketch. 
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Fig.  43. 

The  posts  are  cedar,  white  oak^  or  chestnut,  and  the  rails  are 
hemlock,  yellow  pine,  or  white  pine.  Such  guard  rail  costs  from 
25c..  to  40C.  per  foot,  about  5c.  per  foot  per  year  for  maintenance, 
and  needs  renewal  every  8  to  10  years;  the  capitalized  cost  at 
4%  is  approximately  $1.25  as  figured  by  the  New  York  State 
Highway  Commission,  and  on  this  basis  they  have  decided  that 
it  is  cheaper  to  use  a  fill  slope  of  i  On  4  up  to  ft  seven  foot  depth 
eliminating  the  guard  rail  than  it  is  to  use  a  i  on  1 3^  fill  slope  with 
guard  rail. 

The  wooden  guard  rail  as  built  acts  as  a  warning  only.  If  a 
machine  or  rig  becomes  unmanageable  and  hits  the  rail,  it  generally 
breaks  or  the  posts  tear  out,  allowing  the  vehicle  to  turn  turtle  on 
the  fill  slope.  So  manv  accidents"  of  this  kind  occur  that  there  is  a 
demand  for  a  rail  that  actually  gives  protection  as  well  as 
a  warning. 

Concrete  Guafd  Rail, — ^Because  of  this  demand  and  the  high 
cost  of  maintenance  and  renewal  of  the  common  \fb6den  rail, 
concrete   guard  rail  is  being  adopted.    The  Simplest  and  best 
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design  of  this  kind  that  the  author  has  s< 


Pig.  44. — Concrete  gaard  rail. 

The  rail  was  invented  by  J.  Y.  McClintoct,  County  Engineer 
of  Monroe  County,  N.  Y,  It  is  neat  in  appearance,  durable  and 
strong,  and  is  specially  adapted  for  a  combination  bridge'  and  ap- 
proach rail.  The  old  design  of  an  iron  bridge  rail  connected  with 
a  wooden  road  rail  has  been  an  eyesore. 

The  actual  cost  of  manufacture  and  setting  was  from  50  to 
60c.  per  foot.  The  contract  price  for  such  rail  would,  probably, 
run  from  80c.  to  Si.oo,  depending  upon  the  length  of  the  haul, 
freight  rate,  and  difficulty  of  digging  post  holes  but  even  at  the 
high  figure  it  is  cheaper  in  the  end  than  wooden  rail  and  is  a 
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sate  construction.  The  anchor  and  rod  shown  on  the  sketch  is 
used  on  curves  or  even  on  straight  stretches  where  new  fill  ia  en- 
countered, to  prevent  the  posts  being  torn  out  by  impact  from  tuna- 
way  machines. 


I? 


[_   PafiiobtnUatllia 


^t6vta      Arto  o//ba  hbtpotT 


Pig.  45. — Cable  K"ard  rail. 


The  rwl  proper  has  a  web  and  bar  reinforcement;  it  is  designed 
to  stand  a  6  ton  horizontal  load  at  the  center  of  the  paneL  The 
rails  and  posts  are  molded  separately  and  dlowed  to  set  for,  at 


least,  a  month;  they  are  then  put  together  in  much  the  same  manner 
as  the  wooden  rail.  The  rounded  top  of  the  post  makes  it  possible 
to  erect  on  any  grade. 


GUARD  RAIL 


219 


A  considerable  mileage  of  this  rail  has  been  erecfted  in  New  York 
and  New  Jersey  and  has  prevented  many  serious  accidents.  It  has 
been  hit  by  autos,  tar  kettles,  rollers,  traction  engines  and  rigs  and 
in  no  case  has  the  .vehicle  gone  over  the  bank — which  is  the  general 
cause  of  fatal  accidents.  The  rails  and  posts  will  break  when  hit 
by  a  heavy  machine,  but  the  reinforcement  merely  bends  (does 
not  snap)  and  continues  to  exert  enough  resistance  to  hold  the  ma- 
chine on  the  roadway. 

Guard  rail  has  two  distinct  purposes;  first  as  merely  a  warning, 
at  culverts,  curves,  low  embankments,  etc.,  where  the  danger  is  not 
great    and  second,  as  an  actual  protection  in  dangerous  places. 


End  B^^afion. 


Pig.  47. — Showing  raised  parapet  on  skew  bridge  extended  over 

straight  parapet  retaining  wall. 

Concrete  guard  rail  is  not  advocated  where  warning  alone  is 
sufficient. 

Wire  Cable  Guard  Fence. — Figure  45  illustrates  this  construction. 

Snow  Fences. — Sketch  No.  46  shows  a  typical  snow  fence  used 
to  prevent  drifting  in  bad  locations. 

itedge  Rail  and  Raised  Parapets. — Bridge  rail  for  small  span 
bridges  is  of  two  types,  iron  pipe  rail  (see  Figure  43)  or  solid  raised 
parapets  (see  Figure  47).    The  solid  parapet  is  to  be  preferred. 

Retaining  Walls. — In  unusual  cases  retaining  walls  are  needed 
in  road  construction.  Plain  or  reinforced  concrete  walls  are  gener- 
ally used,  the  selection  depending  upon  the  relative  cost.  The  plain 
concrete  wall  is  considered  the  best  type  for  heights  up  to  12  ft.; 
the  reinforced  cantilever  form  from  12  to  18  ft.  and  al)ove'i8  ft. 
the  buttressed  design.  We  give,  page  220,  examples  and  rules  for 
the  plain  and  reinforced  cantilever  t3rpes  only,  as  the  necessity  for 
walls  higher  than  18  ft.  is  very  rare.  For  the  design  of  buttressed 
walls  the  reader  is  referred  to  the  standard  works  of  reinforced 
concrete. 

Retaining  walls  are  usually  built  in  monolithic  sections  of  20' 
to  25'  in  length;  expansion  joints  are  provided  between  these  sec- 
tions. The  expansion  joints  may  consist  of  simply  a  plane  of  weak- 
ness between  tne  sections  produced  by  allowing  one  section  to  set 
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before  buildiiig  the  adjacent  wall,  or  it  may  be  a  key  joint  U  shown 
in  Fignie  49A  and  the  plane  of  separation  may  be  nude  more  pro- 
nounced by  coating  the  concrete  with  a  thin  layer  of  asphaltum 


Key  e>pdn^on  Joint. 

Fig.  49A. 

Toe  Wills. — Toe  walls  are  nothing  more  than  low  retuning 
walls  or  very  substantial  curbs.  They  are  used  in  cuts  on  the  out- 
side of  the  gutteis  to  prevent  unstable  side  slopes  from  filling  the 
gutten  or  heaving  them  out  of  shape  by  sliding  pressure.    Figure 
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50  pves  a  section  of  Eden  Volley  Hill  near  Buffalo,  N.  Y.  where  a 
clay  quicksand  cut  was  successfully  protected  in  thb  manner. 

CulbB. — Curbs  are  constructed  of  stone  and  of  concrete.. 

Stone  Curbs.— The  cuts  given  show  the  methods  o£  setting) 
the  size  of  curbstones  for  first-class  wort  range  from  16"  to  aa" 
in  depth,  5"  to  6"  in  thickness  and  3'  to  s'  in  length.  For  small 
villages,  curbstone  of  4"  width  set  in  the  simplest  manner  shown. 


Fig.  so. — Shomng 


is  satisfactory.  The  stones  most  used  are  granites,  bluestones  of 
New  York  State,  and-  the  tougher  sandstones  sudi  as  Medina, 
Berea,  Kettle  River,  etc.'  The  prices  range  widely,  depending  on 
the  locality  of  the  work.  Mr.  William  Pierson  Judson,  in  his 
"  Roads  and  Pavements,"  pves  the  following  range  of  costs: 


SimplBt  Form  oF  Concnl*  Girl). 
[ jhbwing  oba  hrm  «f  EipantlgnMnt 
nhtn  Briikait  LoU  LmgrliKllnrili 
inbullH-.)^  ' 

Fig.  si. 


straight  curba  Ml,  cost  about  is  followa:  with  30%  to  si 
eurves;  ar«nite,  $0.50  to  (0.90,  unusual  case  $1.35  per  loot. 

Uitter  and  OiEord  blueBti>iie.  10.40  to  to.So,  unusual  caw  1 

Medina  uid  Barea  UDdstone,  to.3S  to  fo.go. 

Concrete  usually  coatafiom  to.40  to  (0,50  with  Jo.jj  added  f 
gutter,  though  CMmbined  gutter  and  curb  have  been  built  tor 

Simple  cnncrets  curb  (naureNo.  si)  hu  been  built  during  it 
puta  ot  Western  New  York  aC  &  coiC  of  (0.30  to  t«>4'i  per  (t»t 


a  combined 
I  ID  diffarent 


s3H 

curb  of  the  sii 
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in  b«  buitt  for  \ta  than  to.711  per  Coot,  it  aeerm  good 
mRh  the  busineas  acctiooB  of  small  vilU^es.  For  the 
wnere  the  cost  of  stose  curbing  is  high,  a  concrete 

not  expected. 


^'^"'"  <22m  HUDSON  ALBANY  lOiiPll 

<^^  NA55AU  f^^^^:^^,^^ 

1  C  H  No  IZ  I^Z 

I5HNO  37  |,„^^..J.g^ 


f-fCam'ogtBc/t 
^i-UpsttThimdalhrNathintlaa. 
Pig.  sa. 

Guide  ^gos  and  Danger  Signs. — A  good  sign  must  be  easy  to 
read,  pleasing  in  appearance  and  permanent.  The  drawing  (Fimre 
ja)  snows  one  of  the  designs  in  use;  the  posts  are  of  galvanized 
iron  and  cost  about  $5.00  in  place;  the  bacl^round  for  Uie  alumi- 
num is  a  j^anued  metal;  the  signs  cost  approximately  $0.15  per 
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letter  including  the  board.  Danger  signs  should  be  used  only  where 
no  doubt  exists  as  to  their  necessity,  as  their  indiscriminate  use 
decreases  their  effectiveness. 

Riprap  and  Dykes. — Well  constructed  riprap  protects  stream 
banks  and  bridge  approaches  from  stream  wash  except  in  unusual 
cases  where  a  solid  masonry  or  concrete  protection  is  required. 


^iS!^^ 


^    Qfshfon 


(  Sand-Cushfon  notfUetwirett/n  SemOvSoil 
Stz9afStvneS-9r)     ^ 

Cobble  Gulter. 


Third  Qass  Gtmcrete 
Ditch   Lining. 


t'fuludi 
icncmtcrSmidfminckitioni  6i9ut9tf 

wSandJoinb. 
Brick  6u#er. 


..3'(??— d 


Na4  Crushed  Stont 
Ditch  PioletHon* 


Fig.  53. 


The  sizes  of  stone  suitable  for  riprap  are  usually  specified  at  a 
minimum  of '  K  cubic  foot  and  50%  or  more  of  the  material  to  be 
over  2  cubic  feet. 

Where  the  road  is  located  in  bottom  land  and  is  covered  with 
backwater  in  the  Spring,  it  can  be  protected  by  riprap  paving 
on  both  sides  or  a  dyke  and  riprap  paving  on  one  side  as  shown 
in  Figures  No.  55  ^nd  No,  56. 


226 


MINOR  POINTS 


Cobble  Gutters,  Brick  Gutters,  Ditch  Linings,  Etc. 

Cobble  gutters  are  used  to  protect  the  ditches  from  wash  on 
steep  grades  and  at  entrances  to -intersecting  roads  where  there  is 
not  sufficient  headroom  for  a  culvert* 

Also  at  the  entrances  to  private  property  where  the  grade  line 
of  the  ditch  might  be  badly  cut  by  vehicles. 


-     ^ 

flood  Wafer  Novation         ./<f^  J? 

_j^y 

Pig.  54- 

The  usual  cost  of  such  construction  ranges  from  $0.40  to  $1.00 
per  square  yard. 

Where  cobblestones  are  not  available,  ordinary  building  brick 
may  be  used  or  No.  4  crushed  stone  as  shown  on  page  225. 

Coarse  Oravtl  Fnhrred, 

Fig.  55. — Method  of  protection  where  road  can  be  built  above 

flood  level. 

Grates. — Cost  of  cast-iron  grates  about  $0,065  per  pound. 
Cost  of  wrought-iron  grates  about  $0.08  per  pound. 
Repointing  Masonry  and  Refacing  Old  walls. — Old  masonry 
structures  can  often  be  used  complete  or  in  part  by  repointing  the 

,' Layer  of  Dead  Water  ( Prevents  Wsah) 
-  Elevatton  ofFiood  Wafer  ^^ 

Oood  Material        ^^^^^-^ 
Coarse  Bravel  or  Stone  Rll 

Pig.  ^6.^ — Method  of  protection  where  road  cannot  be  raised  above 

flood  level. 

joints;  they  should  be  cleaned  out  thoroughly  with  a  chisel  and 
filled  flush  with  a  i  to  i  Portland  cement  mortar. 

The  author  does  not  believe  in  facing  up  old  masonry  abut- 
ments if  it  can  be  avoided;  however,  if  it  seems  advisable,  because 
of  shortage  of  funds,  the  old  joints  should  be  well  cleaned  out  and 
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book  dowels  used  as  showa  in  cut  No.  5S.  One  dowel  every  6  sq. 
ft.  is  good  practice. 

The  concrete  facing  should  be  at  least  is  in,  thick,  have  a  good 
footing  course  and  be  reinforced  to  prevent  settlement  and  tem- 
perature cracks. 

Stoim  Seweis  on  Hills.— For  the  convenience  of  de^gners  the 
approximate  flow  capacity  of  ordinary  sized  pipies  on  different 
grades  are  given  below  in  Table  23. 


Table  No.  13.' — Apphoxwate  Flow  Capaqtv  in  Cubic  Fi:et 
'  Per  Second 

Value  of  W  -  0.013 


I  Flow  of 
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I  Computed  troiA  diagram  Ogdeo'i  Sewer  Design. 
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__   . >itchea. — Multiply  area  of  flow  by  v 

Velocity  can  be  roughly  approiimated  by  the  formula 

V  =  cv^ 

V  =   velocity  in  feet  per  second    ' 

C  =  eonstaot  =  60  tor  ordinary  cases 

„        ,     ,       ,.         ,.  cross-sectional  area  of  flow 

R  =  hydraulic  radius  — 


wetted  perimeter  in  lin.  ft. 


of  Grating. 

Cattle  guard  driveway. 

Csttle  Guards.—In  western  territory  ranch  owners  will  often 
grant  road  right-of-ways  for  a  nominal  sum  but  stipulate  that  the 
right-of-way  shall  not  be  fenced  as  it  would  cut  off  part  of  their 
range  from  water.  The  boundaries  of  these  ranges  are  generally 
fenced  and  where  the  road  passes  this  fence  a  gate  must  be  used  to 
prevent  straying  of  cattle;  it  is  more  or  less  of  a  nuisance  for  every 
user  of  the  road  to  open  and  close  the  gate  and  generally  a  gap  is 
left  in  the  fence  across  which  a  shallow  pit  2'  to  3'  deep  is  dug  and 
this  is  covered  with  a  slat  grating  whi^  cattle  will  not  walk  but 
which  can  be  driven  over  by  automobiles. 


CHAPTER  IX 

MATERIALS 

The  selection  of  materials  is  an  important  part  of  the  design. 
Most  municipal  and  State  Departments  have  well  equipped  labora- 
tories for  testing  stone,  gravels,  brick,  bitumens,  cements,  etc.  The 
object  of  these  tests  is  to  determine  the  physical  and  chemical  prop- 
erties that  have  a  particular  bearing  on  the  action  of  the  materisos 
under  construction  conditions.  While  these  conditions  are  not 
attained  they  are  approximated  and  by  a  comparison  of  the  labora- 
tory results  with  the  actual  performance  of  the  different  materials  in 
practice  a  relation  can  be  established  that  is  useful  as  a  basis  for 
judgment: 

We  are  greatly  indebted  in  this  edition  to  Mr.  H.  S.  Mattimore 
and  Mr.  J.  E.  Myers  who  have  rearranged  and  brought  up  to  date 
much  of  the  material  on  tests  and  their  significance. 

This  chapter  gives  a  brief  statement  of  the  desirable  qualities  and 
the  tests  for: 

1.  Top  course,  macadam  stone. 

2.  Screenings. 

3.  Bottom  course,  macadam  stone. 

4.  Bottom  course  and  sub-base  fillers. 

5.  Brick. 

6.  Bituminous  binders. 

7.  Concrete  materials. 

I.  STONE  FOR  THE  SURFACINO  OF  MACADAM  ROADS 

Stone  for  use  in  the  surfacing  of  a  macadam  road  should  be  hard 
and  tough  to  withstand  the  abrasive  action  of  team  traffic  and  the 
vibratory  action  of  high-speed  motor  vehicles  and  should  not 
contain  any  minerals  that  are  likely  to  disintegrate  rapidly  under 
influence  of  weather  conditions. 

To  determine  the  relative  hardness,  toughness  and  power  to  resist 
abrasive  and  impact  action  of  traffic,  stones  are  subjected  to  the 
following  tests: 

1.  Abrasion. 

2.  Hardness. 

3.  Toughness. 

4.  Specific  gravity. 

5.  Absorption. 

6.  Fracture. 

7.  Geological  classification. 
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Abrasion  Tesi^ — ^The  machine  shall  consist  of  one  or  more  hollow 
iron  cylinders;  closed  at  one  end  and  furnished  with  a  tightly  fitting 
iron  cover  at  the  other;  the  cylinders  to  be  20  cm.  in  diameter  and 
34  cm.  in  depth,  inside.  These  cylinders  are  to  be  mounted  on  a 
shaft  at  an  angle  of  30  deg.  with  the  axis  of  rotation  of  the  shaft. 

At  least  30  lb.  of  coarsely  broken  stone  shall  be  available  for  a  test. 
The  rock  to  be  tested  shaU  be  broken  in  pieces  as  nearly  uniform  in 
size  as  possible,  and  as  nearly  50  pieces  as  possible  shall  constitute 
a  test  sample.  The  total  weight  of  rock  in  a  test  shall  be  within 
10  g.  of  5  kg. 

All  test  pieces  shall  be  washed  and  thoroughly  dried  before  weigh- 
ing. Ten  thousand  revolutions,  at  the  rate  of  between  3©  and  ss 
per  minute,  shall  constitute  a  test. .  Only  the  percentage  of  mate- 
rials worn  off  which  will. pass  through  a  0.16  cm.  (J^g  in.)  mesh 
sieve  shall  be  considered  in  determining  the  amount  of  wear.  This 
may  be  expressed  either  as  the  percentage  of  the  5  kg.  used  in  the 
test,  or  the  French  coefficient,  which  is  in  more  general  use,  may  be 

given;  that  is,  coefficient  of  wear  =  20  X  —  =  ^ — ,  where  w  is  the 

WW 

weight  in  grams  of  the  detritus  under  0.16  cm.  (He  ^Q-)  i^  size  per 
kilogram  of  rock  used. 

Conversion    Table    %    of   Wear  to   French   Coefficient 


F.  .Coef . 

%  of  Wear 

F.  Coef. 

%  of  Wear 

20 

133 
10 

2 
3 

4 

8 

6.7 

57 

S 
6 

7 

Hardness. — Hardness  is  determined  by  a  Dorry  machine.  A 
stone  cylinder  25  cm.  in  diameter,  obtained  by  a  diamond  core  drill 
from  the  material  to  be  tested,  is  weighed  and  placed  in  the  machine 
so  that  one  end  rests  on  a  horizontal  cast-iron  grinding  disk  with  a 
pressure  of  25  grams  per  sq.  cm.  The  disk  is  revolved  1000  times 
auring  which  standard  crushed  quartz  sand  about  ij^  mm.  in 
diameter  is  automatically  fed  to  it.  The  cylinder  is  then  removed 
and  weighed  and  the  coefficient  of  hardness  obtained  by  the  formula 
20— H  the  loss  in  weight,  expressed  in  grams.    In  order  to  get 
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reliable  results  two  cylinders  are  generally  used,  each  one  being 
reversed  end  for  end  during  the  test. 

Test  for  Toneless.' — i.  Test  pieces  may  be  either  cylinders  or 
cubes,  25  mm.  in  diameter  and  25  mm.  in  height,  cut  perpendicular 
to  the  cleavage  of  the  rock.  Cylinders  are  recommended  as  they 
are  cheaper  and  more  easily  made. 

2.  The  testing  machine  shall  consist  of  an  anvil  of  50  kg.  weight, 
placed  on  a  concrete  foundation.  The  hammer  shall  be  of  2  kg. 
weight,  and  dropped  upon  an  intervening  plunger  of  i  kg.  weight, 
which  rests  on  the  test  piece.  The  lower  or  bear-surface  of 
this  plunger  shall  be  of  spherical  shape  having  a  radius  of  i  cm. 
This  plunger  shall  be  made  of  hardened  steel,  and  pressed  firmly 
upon  the  test  piece  by  suitable  springs.  The  test  piec^  shall  be 
adjusted,  so  that  the  center  of  its  upper  surface  is  tangent  to  the 
spherical  end  of  the  plunger. 

3.  The  test  shall  consist  of  a  i  cm.  fall  of  the  hammer  for  the  first 
blow,  and  an  increased  fall  of  i  cm.  for  each  succeeding  blow  until 
failure  of  the  test  piece  occurs.  The  number  of  blows  necessary  to 
destroy  the  test  piece  is  used  to  represent  the  toughness,  or  the  centi- 
meter-grams  of  energy  applied  may  be  used. 

Determination  of  the  Apparent  Specific  Gravity  of  Rock.^ — 

The  apparent  specific  gravity  of  rock  shall  be  determined  by  the 

followmg  method:  First,  a  sample  weighing  between  39  and  31  g. 

and  approximately  ciibical  in  shape  shall  be  dried  in  a  closed  oven 

for  I  hour  at  a  temperature  of  no  degrees  C.  (230  degrees  F. )  and 

then  cooled  in  a  desiccator  for  i  hour;  second,  the  sample  shall  be 

rapidly  weighed  in  air;  third,  trial  weighings  in  air  and  m  water  of 

another  sample  <A  approximately  the  same  size  shall  be  made  in 

order  to  determine  the  approximate  loss  in  weight  on  immersion; 

fourth,  after  the  balances  shall  have  been  set  at  the  calculated 

weight,  the  first  sample  shall  be  weighed  as  quickly  as  practicable 

in  distilled  water  having  a  temperature  of  25  degrees  C.  (77  degrees 

F.);  fifth,  the  apparent  specific  gravity  of  the  sample  shall  be 

calculated  by  the  following  formula: 

W 
Apparent. specific  gravity  =  ^ ™-  in  which  W  =  the  wefght 

in  grams  of  the  sample  in  air  and  Wi  ^  the  weight  in  grams  of  the 
sample  in  water  just  after  inmiersion. 

Fmally,  the  apparent  specific  gravity  of  the  rock  shall  be  the 
average  of  three  aeterminations,  made  on  three  different  samples 
according  to  the  method  above  described. 

Determination  of  the  Absorption  of  Water  per  Cubic  Foot  of  Rock.' 
— The  absorption  of  water  per  cubic  foot  of  rock  shall  be  determined 
by  the  following  method:  First,  a  sample  weighing  between  29  and 
31  g.  and  approximately  cubical  in  shape  shall  be  dried  in  a  closed 
oven  for  i  hour  at  a  temperature  of  no  degrees  C.  (230  degrees  F.) 
and  then  cooled  in  a  desiccator  for  i  hour;  second,  the  sample  shall' 
be  rapidly  weighed  in  air;  third,  trial  weighings  in  air  and  m  water 

*  American  Society  of  Testing  Materials. 

>  American  Society  of  Testing  Materials. 

>  American  Society  of  Testing  Materials. 
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of  another  sample  of  approximately  the  same  size  shall  be  made 
in  order  to  determine  the  approximate  loss  in  weight  on  immer- 
sion; fourth,  after  the  balances  shall  have  been  set  at  the  calculated 
weight,  the  first  sample  shall  be  weighed  as  quickly  as  possible  in 
distilled  water  having  a  temperature  of  25  degrees  C.  (77  degrees 
F.);  fifth,  allow  the  sample  to  remain  48  hours  in  distilled  water 
maintained  as  nearly  as  practicable  at  25  degrees  C.  (77  degrees  F.) 
at  the  termination  of  which  time  bring  the  water  to  exactlv  this 
temperature  and  weigh  the  sample  while  inunersed  in  it;  sixtn,  the 
number  of  pounds  of  water  absorbed  per  cubic  foot  of  the  sample 
shall  be  calculated  by  the  following  formula: 

j^*2  —  Wi 
Pounds  of  water  absorbed  per  cubic  foot  ==  tf? — ^r — X  62.24  in 

which  W  B  the  weight  in  giamsof  sample  in  air,  Wi  »  the  weight 
in  grams  of  sample  in  water  just  after  inunersion,  W2  ^  the  weight 
in  grams  of  sample  in  water  after  48  hours'  inunersion,  and  62.24  == 
the  weight  in  pounds  of  a  cubic  foot  of  distilled  water  having  a  tem^ 
perature  of  25  degrees  C.  (77  degrees  F.). 

Finally,  the  absorption  of  water  per  cubic  foot  of  the  rock,  in 
pounds,  shall  be  the  average  of  three  determinations  made  on  three 
different  samples  according  to  the  method  above  described. 

lecture. — Stone  suitable  for  road  work  should  crush  in  cubical 
^apeS  rather  than  in  thin,  flat  pieces  and  preferably  with  rough, 
jagged  fracture  that  it  may  interlock  firml]^  under  action  of  the 
roller. 

Geologi€al  Classification. — ^The  geological  classification  is 
determined  from  an  examination  with  a  microscope  or  powerful 
hand  glass,  and  a  consideration  of  its  origin.  Great  refinements 
are  avoided  as  the  general  classification  is  all  that  is  necessary 
to  the  highway  engineer  after  the  ph3rsical  qualities  are  ascertained 
by  test. 

Cost  of  TestSd — ^The  cost  of  collecting  and  testing  stone  as  given 
in  the  1009  Report  of  the  New  York  State  Department  of  High- 
ways is  18.55  per  sample. 

The  following  tables  show  tests  on  the  more  common  rock : 
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Table.  2sa,    Taken  from  Bulletin  No.  31,  United  Stati 

Office  of  Public  Roads 


Rode  varieties 


Granite    

Biotite-granite   . . . . 
Homblende-granite 

Augite-syenite    

Diorite 

Augite-diorite 

Gabbro    

Peridotite   


Rhyolite   

Andedte   

Fresh  basalt  .. 
Altered  basalt  . 
Fresh  diabase  . 
Altered  diabase 


Limestone 

Dolomite  . .  •. 

Sandstone  

Feldspathic  sandstone 
Calcareous  sandstone 
Chert 


Granitei-gneiss  .  • . . 
Hornblende-gneiss 
Biotite-gneiss  . . . . 

Mica-sc^t 

Biotite-schist    

Chlorite-schist   . . . 
Hornblende-schist 
AmphiboUte  


diatc  ••••••••. 

Quartzite 

Feldspathic  quartzite 
Pyroxene  quartzite    . 

Eclogite   .•.. 

Epodosite 


• 

Per  cent 

Tough- 

Hard- 

Cementing 

wear 

ness 

nen 

value 

3-5 

IS 

18.1 

20 

4-4 

10 

16.8 

17 

3.6 

21 

18.3 

30 

2.6 

10 

18.4 

24 

2.9 

21 

18.1 

41 

2.8 

19 

17.7 

5S 

2.8 

16 

17.9 

29 

4.0 

12 

15.2 

28 

• 

3-7 

20    * 

17.8 

48 

.4.7 

II 

13.7 

189 

3-3 

23     • 

17.1 

III 

53 

17 

15.6 

239 

2.0 

30 

Z8.2 

49 

2.5 

24 

I7.S 

156 

5.6 

10 

12.7 

60 

5-7 

10 

14.8 

42 

6.9 

26 

17.4 

90 

3-3 

17 

^S'3 

119 

7.4 

n 

8.3 

60 

10.8 

IS 

194 

27 

3.8 

12 

17.7 

26 

3-7 

10 

17.1 

30 

3-2 

19 

17.5 

41 

44 

10 

17.8 

30 

4.0 

•— 

— 

16 

4.2 

— 

— 

24 

3.7 

21 

16.5 

53 

2.9 

zo 

19.0 

29 

4.7 

12 

"S 

102 

2.9 

19 

18.4 

17 

3.2 

17 

18.3 

21 

2.3 

27 

18.6 

17 

2.4 

31 

17.4 

21 

3^ 

16 

16.0 

47 

Specific 
gravity 


2.6s 
2.64 
2.76 
2.80 
2.90 
2.98 
300 
3-40 

2.60 
2.50 
2.90 

2.7s 
3-00 

2.9s 

2.70 
2.70 

2.55 
2.70 

2.66 

2.50 

2.68 
3.02 
2.76 
2.80 

a.  70 
2.90 

300 
3.00 

2.80 
2.70 
2.70 
3.00 

3.30. 
3.03 


•NOTK.— To  convert  %  of  wear  to  French  coefiEicient,  see  Table  on  page  2; 


Fboh  Annual  I 


1  Weight 

'    lbs.  pa  K 
,    cu.  iT  It 


h- Wnditcd 


UODKM... 

Hontfomci 


Uwh... 
OncltU.. 

St.L.wiB 


Calcauodb  Sahdbtoke 


e  ...  175  0.41 

7  ...  173  0.67 

!  ::■  1  Ss 

8  ...  17*  0.31 
6  ■*■  lit  t^^ 


;ji 

sfe... .  ; 

i,M 

0I 

iU 

^i 

173 

0-S9 

10.1 

ij.i 

::|  i  1 


I  s'H;  I  ^ 


•A  SI 


i 

;8i 

s;i 

».J 

"•' 

M.3 

S.l 

'Si 

i 

0:38 

9.6 

11-9 

ti 

3= 

0.1J 

B-7 

it 

17.J 

't^ 

37 

171 

OJB 

»-i 

16.0 
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County 


Number 
of  com- 
plete 
tests 


Number 

of 
partial 

tests 
(no  core 

piece) 


Weight, 
lbs.  per 
cu.  It. 


Water 

ab- 
sorbed, 
lbs.  per 
cu.  ft. 


French 

coeflS- 

cient  of 

abrasion 


Hard- 
ness 


Tough- 
ness 


Weighted 
vsdue 


Albany 

Cayuga 

Clmton ..... 
Columbia . .  . 

Erie 

Fulton 

Genesee. .  .  . 

Greene 

Herkimer.  .  . 
Tefiferson... . 

Lewis 

Madison. . . . 

Monroe 

Montgomery 

Nia^ra 

Oneida 

Onondaga . . . 

Ontario 

Otsego 

Rensselaer. . 

Saratoga 

Schoharie . . . 

Seneca 

Ulster 

Warren 

Washington  . 


13 
34 
14 

12 

9 

6 

6 

II 

17 

los 

26 

16 

4 
12 
II 
31 

25 

II 
7 
4 
5 

29 

7 
12 

S 
S 


Dutchess I        4     [ 


Columbia . . . 

Dutchess 

Rensselaer.  . 
Wasldngton. 


Limestone 


7 

168 

0.60 

7.9 

6 

170 

0.49 

8.8 

2 

170 

0.28 

8.2 

•   «  • 

170 

0.28 

9.1 

3 

^fz 

O.S7 

8.x 

I 

x68 

0.21 

7.7 

3 

169 

0.26 

8.0 

•   •  • 

169 

0.36 

II. I 

9 

169 

0.26 

8.7 

44 

169 

0.28 

7.6 

20 

169 

0.32 

6.9 

I 

169 

0.23 

8.4 

•   •   • 

168 

0.27 

8.x 

2 

169 

0.24 

8.S 

I 

168 

0.84 

7-1 

19 

169 

0.29 

7.8 

I 

170 

0.38 

8.9 

•    •    • 

169 

0.39 

10.2 

2 

169 

0.32 

8.Z 

I 

171 

0.2  z 

7.S 

•    •    • 

170 

0.24 

8.7 

2 

169 

0.34 

8.1 

3 

169 

0.21 

9.4 

3 

170 

0.25 

8.1 

•   •  • 

170 

0.24 

8.9 

3 

169 

0.34 

7-9 

X4.3 
14.9 

I4.X 

15-3 
x6.6 

15.5 
iS.o 
16.4 
14.8 
15.1 
14. 1 

14.7 
14.1 

153 
12.8 

13.8 
15.7 
159 
14.1 
15.0 
13.7 
14.9 
15.3 
15.6 

15.7 
IS-S 


6.4 

7.8 
5-3 

6.S 
8.2 
8.9 
8.2 
6.4 
6.2 
7-7 
7-4 
8.0 

6.S 

6.6 

8.4 

10.2 

6.3 

5.3 
7.0 

6.7 
7.9 
7.4 
7.4 
6.9 


Marble 
I    178     I  0.30 

QUARTZITE 


16 

•  •  • 

168 

0.28 

x6.s 

18.3 

17.1 

8 

2 

x66 

0.36 

13.S 

18.8 

II. 8 

xo 

•  •  • 

166 

0.49 

13. 1 

18.7 

X4.8 

r2 

■  •  • 

167 

0.40 

14.6 

x8.9 

16.3 

Sandstone 


Allegany 

8 

Broome 

II 

, 

Cayuga 

4 

Chenango. . . 

IS 

Clinton 

14 

, 

Delaware . . . 

S3 

Erie 

8 

Franklin 

5 

Greene 

6 

Herkimer . . . 

4 

Jefferson 

Livingston . . 

8 
4 

Madison 

S 

Niagara 

7 

OrlMns 

8 

Otsego 

21 

Saratoga 

5  . 

• 

xs6 

i6s 
167 
164 
163 
167 
XS9 
157 
169 
160 
IS6 
160 
163 
158 

iSS 
162 
163 


2.10 
1.29 
X.I6 
x.s8 
0.71 

1.4s 
2.10 
X.06 
0.62 
2.50 
X.46 
3.02 

2.1S 
1.78 
2.18 

I.7S 
0.36 


8.4 
7.8 
7.8 
8.7 

XI.7 
7.0 
6.3 
9.7 
8.6 

10.9 

8!8 
9.9 
9.0 

X1.8 
8.4 

10.7 


13.4 
12.9 
12.1 
II. 2 
18.S 

X2.7 

S.I 
17.9 
MS 
16.4 
16.2 

9.6 

13.9 
16.4 

14.4 
11.9 
18.0 


9.1 
lo.s 
lo.s 
10.4 

II.O 

8.S 
7.8 

7.1 

8.X 

10.7 

6.3 
8.8 
8.6 
8.2 
8.x 
9.6 


59 
64 
S8 

67 
66 
60 
62 

7S 
64 
59 
55 
62 
60 
64 
53 
SS 
67 
73 
59 

61 
67 
63 
66 
62 


I   7.3   I  X4.2  I  6.0  I   56 


103 

§° 
89 

98 


61 
60 
S8 
59 
83 
55 
37 
7a 

63 
76 
64 

54 
66 
68 
72 

59 

77 
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County 

Number 
of  com- 
plete 

Number 

of 

partial 

tests 

Weight, 

lbs.  per 

cu.  ft 

Water 

ab- 
sorbed, 
lbs.  per 

French 
coeffi- 
cient of 

Hard- 
ness 

Tough- 
ness 

Weighted 
value 

tests 

(no  core 

abrasion 

piece) 

cu.  lu 

Sandstone.  —  Continued 

Schoharie . . . 

6 

3 

i6s 

I.3I 

9.4 

IS.2 

X1.7 

70 

Schuyler.  . . . 

4 

163 

3.14 
0.86 

8.Z 

11.6 

10.6 

58 

Seneca 

5 

i6s 

II.O 

13.9 

15.8 

77 

Steuben 

33 

3 

IS7 

3.79 

8.3 

9-3 

xo.o 

54 

St.  Lawrence 

16 

159 

0.79 

xo.o 

X7.8 

7.3 

11 

Sullivan .... 

30 

4 

164 

1.30 

6.S 

14.9 

8.3 

Ulster 

8 

166 

0.64 

8.0 

14.3 

8.1 

6x 

Wyoming. .. 

7 

IS9 

a.S4 

6.0 

S.I 

7.9 

36 

Sandy  Grit 

Albany 

5 

167 

0.7S 

7-5 

13.3 

7.a 

56 

Columbia . .  . 

13 

168 

0.33 

10.7 

159 

X1.7 

76 

Dutchess 

10 

168 

O.S7 

8.1 

l6.3 

X1.5 

68 

Greene 

13 

169 

0.48 

7.1 

IS.6 

H 

62 

Montgomery 

4 

166 

1.39 

lO.Z 

II-3 

XX.8 

6S 

Rensselaer. . 

10 

169 

0.44 

9.1 

iS-9 

9.4 

69 

Saratoga. . . . 

5 

168 

0.99 

X1.8 

X5.3 

X1.9 

78 

Schenectady 

4 

i6s 

X.IO 

9.3 

X4.6 

95 

66 

Ulster 

7 

169 

O.S9 

7-5 

X3.8 

X0.3 

60 

Syenite 

Essex 

7 

184 

0.53 

7-7 

17.I 

6.7 

64 

Franklin.^... 

4 

171 

0.4S 

lO.I 

18.3 

8.0 

II 

Herkimer . . . 

13 

174 

0.16 

12.S 

x8.o 

XX.6 

Jefferson. . . . 

7 

176 

0.34 

X3.4 

18.  X 

U'S 

Trap 

Rockland . . . 

13       1 

•   •  * 

183      1  O.30 

X3.3 

1  17.6  I 

1.64   1 

01 

Table  2366 

• 

Geological  Classification 

Class 

Type 

Family 

I  Igneous 

1 

I  Intrusive 
(plutonic) 

■ 

a  Granite 
b  Syenite 
c  Diorite 
d  Gabbro 
e  Peiidotite 

3  Extrusive 
(volcanic) 

1 

i 

[  a  Rhyolite 
b  Trachyte 
c  Andesite 
d  Basalt  and  diabase 

X  Calcareous 

j  a  Limestone 
\  b  Dolomite 

II  Sndimentary 

i 

3  Siliceous 

f  a  Shale 

b  Sandstone 
I  c  Chert  (flint) 

X  Foliated 

f  a  Gneiss 
b  Schist 
I  c  Amphibolite 

III  Metamorphic 

1 

r  a  Slate 

a  Nonfoliated 

< 

b  Quartzite 
c  Edogite 
dUMe 

^  Bulletin  No.  3x,  United  States  Department  of  Public  RoBds. 
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The  following  quotation  from  bulletin  No.  31  O.  P.  R.  &  R.  E. 
describes  the  characteristics  of  the  three  groups: 

Igneous  Rocks. — "All  rocks  of  the  igneous  class  are  presumed  to 
have  solidified  from  a  molten  state,  either  upon  reaching  the  earth's 
surface  or  at  varying  depths  beneath  it.  The  physical  conditions, 
such  as  heat  and  pressure,  under  which  the  molten  rock  magma 
consolidated,  as  well  as  its  chemical  composition  and  the  presence 
of  included  vapors,  are  the  chief  features  influencing  the  structure. 
Thus,  we  find  the  deep-seated,  plut6nic  rocks  coarsely  cr3rstalline 
with  mineral  constituents  well  defined,  as  in  case  of  granite  rocks, 
indicating  a  single,  prolonged  period  of  development,  whereas  the 
members  of  the  extrusive  or  volcanic  types,  solidifying  more  rap- 
idly at  the  surface,  are  either  fine-grained  or  frequently  glassy 
and  vesicular,  or  show  a  porphjnritic  structure.  This  structure  is 
produced  by  the  development  of  large  crystals  in  a  more  or  less 
dense  and  fine-grained  ground  mass,  and  is  caused  generally  by  a 
recurrence  of  mineral  growth  during  the  effusive  period  of  magmatic 
consolidation. 

"In  the  arrangement  of  the  rock  families  from  a  mineralogical 
standpoint  it  will  be  noted  that  the  plutonic  rock  types,  granite, 
syenite,  and  diorite,  are  represented  by  their  equivalent  extrusive 
varieties,  rhyolite  and  andesite,  and  that  diabase  has  been  included, 
somewhat  arbitrarily,  with  basalt,  as  a  volcanic  representative  of 
gabbro.  These  latter  rocks  are  of  special  interest,  owing  to  their 
wide  distribution  and  general  use  in  road  construction.  They  occur 
in  the  forms  of  dykes,  intruded  sheets,  or  volcanic  flows,  and  vary 
in  structure  from  glassy-porph)rritic  (typical  basalt)  to  wholly  crys- 
talline and  even  granular  (diabase).  Their  desirable  qualities  for 
road-building  are  caused  to  a  large  extent  by  a  peculiar  interlocking 
of  the  mineral  components  (ophitic  structure),  yielding  a  very  tough 
and  resistant  material  well  qualified  to  sustain  the  wear  of  traffic. 

"Igneous  rocks  vary  in  color  from  the  light  gray,  pink,  and  brown 
of  the  acid  granites,  syenites,  and  their  volcanic  equivalents  (rhyo- 
Ute,  andesite,  etc.)  to  the  dark  steel-gray  or  black  of  the  basic  gab- 
bro, p^idotite,  diabase,  and  basalt.  The  darker  varieties  are 
commonly  called  trap.  This  term  is  in  very  general  use  and  is 
derived  from  irappa,  Swedish  for  stair,  because  rocks  of  this  kind 
on  cooling  frequently  break  into  large  tabular  masses,  as  may  be 
seen  in  the  exposures  of  diabase  on  the  west  shore  of  the  Hudson 
River  from  Jersey  City  to  Haverstraw. 

Sedimentaiy  Rocks. — "The  sedimentary  rocks  as  a  class  repre- 
sent the  consolidated  products  of  former  rock  disintegration,  as  in 
the  case  of  sandstone,  conglomerate,  shale,  etc.,  or  they  have  been 
formed  from  an  accumulation  of  organic  remains  chiefly  of  a  cal- 
careous nature,  as  is  true  of  limestone  and  dolomite.  These  frag- 
mental  or  clastic  materials  have  been  transported  by  water  and 
deposited  mechanically  in  layers  on  the  sea  or  lake  bottoms,  pro- 
ducing a  very  characteristic  bedded  or  stratified  structure  in  many 
of  the  resulting  rocks. 

"In  the  case  of  certain  oolitic  and  travertine  limestones,  hydrated 
iron  oxides,  siliceous  deposits,  such  as  geyserite,  opal,  flint,  chert, 
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etc.,  the  materials  have  been  formed  chiefly  by  chemical  precipita- 
tion and  show  generally  a  concentric  or  colloidal  structure. ^  Oolitic 
and  pisolitic  limestones  consist  of  rounded  pealike  grains  of  calcic  car- 
bonate held  together  by  a  calcareous  cement.  Travertine  is  the 
so-called  *on)rx  marble*  of  Mexico  and  Arizona.  It  is  a  compact 
rock,  concentric  in  structure  and  formed  by  the  precipitation  of  car- 
bonate of  lime  from  the  waters  of  springs  and  streams. 

"Loose  or  unconsolidated  rock  debris  of  a  prevailing  siliceous 
nature  comprise  the  sands,  gravels,  finer  silts,  and  days  (laterite, 
adobe,  loess,  etc.).  Shell  sands  and  marls,  on  the  other  hand,  are 
mainly  calcareous,  and  are  formed  by  an  accumulation  of  the  marine 
shells  and  of  lime-secreting  animals.  Closely  associated  with  the 
latter  deposits  in  point  of  origin  are  the  beds  of  diatomaceous  or 
infusorial  earth  composed  almost  entirely  of  the  siliceous  casts  of 
diatoms,  a  low  order  of  seaweed  or  algae. 

"This  unconsolidated  material  may  pass  by  imperceptible  grada- 
tions into  representative  rock  types  through  simple  processes  of  in- 
duration. Thus  clay  becomes  shale,  and  that  in  turn  slate,  without 
necessarily  changing  the  chemical  or  mineralogical  composition  of 
the  original  substance. 

"  Such  terms  as  flagstone,  freestone,  brownstone,  bluestone,  gray- 
stone,  etc.,  are  generally  given  to  sandstones  of  various  colors  and 
composition,  while  puddingstone,  conglomerate,  breccia,  etc.,  apply 
to  consolidated  gravels  and  coarse  feldspathic  sands. 

"The  calcareous  rocks  are  of  many  colors,  according  to  the 
amount  and  character  of  the  impurities  present. 

Metamorphic  Rocks. — "  Rocks  of  this  class  are  such  as  have  been 
produced  by  prolonged  action  of  physical  and  chemical  forces 
(heat,  pressure,  moisture,  etc.)  on  both  ■  sedimentary  and  igneous 
rocks  alike.  The  foliated  types  (gneiss,  schist,  etc.)  represent  an 
advanced  stage  of  metamorphism  on  a  large  scale  (regional  meta- 
morphism),  and  the  peculiar  schistose  or  foliated  structure  is  due 
to  the  more  or  less  parallel  arrangement  of  their  mineral  components. 
The  non-foliated  types  (quartzite,  marble,  slate,  etc.)  have  resulted 
from  the  alteration  of  sedimentary  rocks  without  materially  affect- 
ing the  structure  and  chemical  composition  of  the  original  material. 

"  Rocks  formed  by  contact  metamorphism  and  hydration,  such  as 
hornfels,  pyroxene  marble,  serpentine,  serp>entineous  limestone,  etc., 
are  of  great  interest  from  a  petrographical  standpoint,  but  are  rarely 
of  importance  as  road  materials. 

"The  color  of  metamorphic  rocks  varies  between  gniy  and  white 
of  the  purer  marbles  and  quartzites  to  dark  gray  and  green  of  the 
gneisses,  schists,  and  amphibolites.  The  green  varieties  are  com- 
monly known  as  greenstones,  or  greenstone  schists." 

Interpretation  of  Tests. — It  has  been  found  impractical  to  specify 
definite  qualities  of  stone  for  use  in  macadam  highways.  Economy 
and  practical  engineering  demand  that  all  fivailable  sources  be  con- 
sidered. Tests  are  made  to  determine  the  relative  qualities  of 
stone  from  these  different  sources  and  the  results  used  as  a  guide 
for  selection. 

.   1  G.  P.  Merriirs  "Rocka,  Rock  Weathering,  and  Soils,"  1897.  PP.  104-114. 
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In  the  work  of  the  New  York  State  Highway  Commission  all  tests 
are  tabulated  geographically,  using  a  county  as  a  unit.  Table  No. 
236  is  compiled  from  the  records  of  this  department.  It  will  be 
noted  that  comparisons  are  made  in  different  classifications  only, 
as  it  is  considered  that  conclusions  should  not  be  drawn  from 
a  comparison  of  tests  procured  from  materials  having  different 
origins  and  composed  of  different  minerals. 

For  the  purpose  of  ready  comparison,  there  has  been  introduced 
a  figure  known  as  the  "weighted  value.'*  (See  last  colunm  Table 
2$b.)  This  is  computed  by  giving  relative  weights  of  three  to 
the  French  coefficient,  two  to  the  hardness,  one  to  the  toughness 
values  and  adding  the  three  together.  These  relative  weights  were 
determined  from  a  consideration  of  the  amount  of  material  used  in 
the  different  tests  and  the  personal  equation  in  running  them. 

By  consulting  these  tables  the  available  rocks  of  different  classi- 
fications in  various  sections  throughout  New  York  State  can  be 
determined  readily,  and  as  new  tests  are  completed  they  are  com- 
pared with  good  average  material  from  that  section. 

Conclusions. — Trap  (diabase),  granite,  gneiss,  quartzite,  sand- 
stone and  limestone  are  the  most  common  rocks  and  when  found 
in  a  good  state  of  preservation  make  good  surfacing  materials. 

As  generally  found,  trap  is  uniform  in  hardness  and  toughness, 
making  an  excellent  material  for  use  in  top  course. 

Granite  and  gneiss,  where  they  occur  with  hornblende  replacing 
a  large  percentage  of  the  quartz,  make  an  excellent  surfacing  stone. 

Quartzites  when  found  in  good  state  of  preservation  are  hard  and 
tough.  They  should  not  be  confused  with  crystalline  quartz  which 
is  hard  but  brittie. 

Sandstones  are  extremely  variable  and  only  the  better  varieties 
should  be  used. 

Limestones  range  from  the  fine  grained  dense  products  which  are 
hard  and  tough  to  the  coarse  grained  soft  products  which  are  not 
suitable  for  surfacing. 

Screenings. — ^^Screenings  act  as  a  filler  and  binder  for  waterbound 
inacadam  and  as  a  partial  filler  for  bituminous  macadam.  For  use 
in  waterbound  construction  the  main  mineral  constituent  is  the  most 
essential  feature  to  be  considered  as  this  must  be  a  material  that 
will  from  a  binder  and  "puddle"  readily  when  subjected  to  the 
action  of  a  road  roller  and  water. 

Limestone  screenings  have  proved  the  most  efficient  as  a  binder  in 
waterbound  construction,  although  trap  and  some  otiier  igneous 
rocks  can  be  bound  with  their  own  dust  by  repeated  puddling. 
Screenings  consisting  mainly  of  quartz  have  never  been  used  suc- 
cessfully in  waterbound  construction  except  by  the  addition  of  some 
limestone  screenings.  The  use  of  a  percentage  of  clay  or  loam  as  a 
binder  is  not  advisable  except  where  the  cost  of  limestone  screenings 
would  be  prohibitive. 

Laboratory  methods  for  testing  the  cementing  power  of  rock 
powders  are  available  but  the  results  obtained  are  erratic  and  unde- 
pendable. 

In  plain  waterbound  roads  it  is  often  necessary  to  mix  some  lime- 
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stone  screenings,  fine  sandy  loam,  or  even  a  small  percentage  of 
clay  loam  with  trap,  granite,  sandstone,  quartzite,  or  gneiss  screen- 
ings to  get  a  good  bond  and  prevent  raveling  in  dry  weather. 

3.  BOTTOM  COURS£  MACADAM  STON£ 

As  the  bottom  stone  simply  spreads  the  wheel  loads  transmitted 
through  the  top  course  and  is  not  directly  subjected  to  the  traffic 
action,  almost  any  stone  that  breaks  into  cubical  irregular  shapes 
that  will  not  air  or  water  slake  and  that  is  hard  enough  to  stand  the 
action  of  the  roller  during  construction  will  be  satisfactory. 

Any  of  the  materials  listed  above  in  Table  24  except  shale  and 
slate  can  be  used,  provided  that  they  are  not  rotten  from  long  ex- 
posure in  the  air.  The  different  available  varieties  are  usually  tested 
m  the  same  manner  as  for  top  stone  in  order  to  pick  the  best.  Acid 
blast  furnace  crushed  slag  makes  an  excellent  bottom  course  but 
s  not  uniform  enough  for  top  course. 

4.  FILLERS 

Fillers  are  used  in  the  bottom  course  to  fill  the  voids  between  the 
crushed  stone  and  to  prevent  rocking  or  sidewise  movement  of  the 
larger  pieces. 

They  should  be  easy  to  manipulate  in  placing,  should  not  soften 
when  wet,  or  draw  water  up  from  the  subgrade  by  capillary  action. 

The  materials  most  used  are 

Coarse  sandy  loam 

Coarse  sand 

Gravel  with  large  excess  of  fine  material 

Stone  screenings 

The  fitness  of  the  material  can  be  determined  by  inspection  and 
by  wetting  a  handful;  if  it  gets  sticky  or  works  into  a  soft  mud  it 
should  not  be  used. 

S.  VITRIFIED  BRICK 

Bricks  must  withstand  the  same  destructive^agenciesjas  described 
for  top  stone.  They  must  be  uniform  in  size,  tough,  hard,  dense, 
evenly  burned,  and,  on  account  of  their  peculiar  shape,  must  have  a 
high  resistance  against  rupture.  These  properties  are  tested  by  the 
standard  methods  adopted  by  the  Amencan  Brick  Manufacturers' 
Association,  as  described  in  the  New  York  State  specifications  on 
page  730. 

It  should  be  understood  that  bricks  suitable  for  paving  are  manu- 
factured in  a  different  way  and  of  different  materials  than  ordinary 
building  bricks. 

'^The  materials  for  molding  any  paving  brick  must  be  of  a 
peculiar  character  which  will  not  melt  and  flow  when  exposed  to  an 
mtense  heat  for  a  number  of  days  but  will  gradually  fuse  and  form 
vitreous  combinations  throughout  whUe  still  retaining  its  form. 

''The  resulting  brick  must  be  a  uniform  block  of  dense  texture  in 
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which  the  original  stratification  and  granulation  of  the  clay  has 
been  wholly  lost  by  fusion  which  has  stopped  just  short  of  melting 
the  day  and  forming  glass. 

''The  clay  while  fusing  must  shrink  equally  throughout,  thus 
causing  the  brick  to  be  without  laminations  or  of  any  eicterior 
vitrified  crust  difiEering  from  the  interior."^ 

The  great  majority  of  paving  brick  are  made  in  Ohio,  Illinois, 
Indiana,  Pennsylvania,  West  Virginia,  and  New  York.  They  are 
classed  as  shale  or  fire-clay  brick. 

6.  BITUMINOUS  BINDERS 

The  subject  of  bitumens  is  an  intricate  one  and  the  reader  is  re- 
ferred to  tne  works  of  Clifford  Richardson,  Prevost  Hubbard,  and 
others,  for  detailed  information,  as  a  book  of  this  character  can  give 
only  an  outline. 

There  are  a  number  of  dust  preventives  and  road  binders  on  the 
market  which  depend  for  their  effectiveness  on  a  bituminous  binding 
base.  The  term  bitumen  is  applied  to  a  great  many  substances. 
Hubbard  arbitrarily  defines  bitumens  as  "consisting  of  a  mixture  of 
native  or  pyrogenetic  hydrocarbons  and  their  derivatives,  whidi 
may  be  gaseous,  liquid,  a  viscous  liquid,  or  solid,  but  if  solid  melting 
more  or  less  readily  upon  the  application  of  heat,  and  soluble  in 
chloroform,  carbon  bisulphide,  and  similar  solvents."*    . 

The  bitumens  may  be  classified  as  native  and  artificial.  The 
native  bituminous  materials,  that  are.  used  in  road  work,  are  the 
asphaltic  and  semi-asphaltic  oils  (dust  layers),  Malthas  (the  binding 
base  of  Rock  Asphalts),  Trinidad,  Bermudez  California,  and  Cuba 
asphalts,  Gilsonite,  and  Grahamite  (which,  however,  are  too  brittle 
in  their  natural  state  and  require  fluxing  with  a  suitable  residual  oil 
before  they  can  be  used  as  binders).  The  natural  asphalts  are 
refined  to  remove  water  and  any  objectionable  amount  of  impurities 
by  heating  until  the  gases  are  driven  off,  skimming  the  vegetable 
matter  which  rises  to  the  surface,  and  removing  the  mineral  constitu- 
ents which  fall  to  the  bottom. 

The  artificial  bituminous  materials  are  derived  by  the  destructive 
distillation  of  coal,  or  by  fractional  distillation  of  crude  coal  tars, 
or  the  native  petroleum  oils.  They  comprise  the  crude  coal  and 
water  gas  tars,  the  refined  tars,  tne  residual  oils  and  semi-solid 
binders  derived  from  the  petroleum  oils.  They  vary  greatly  in 
consistency  and  binding  power. 

The  following  material  is  briefed  from  Bulletin  No.  34,  United 
States  Office  of  Public  Roads:  The  light  oils  and  tars  have  a  rela- 
tive small  percentage  of  bituminous  base  and  are  effective  only  so 
long  as  it  retains  its  binding  power;  the  more  permanent  binders 
contain  a  larger  percentage  of  bitumen;  these  are  the  heavy  oils  and 
semi-solids. 

Artificial  Bitumens 

Crude  Tars. — Coke  ovens  and  gas  plants  produce  most  of  the 
coal  tars  in  use.    These  tars  contain  various  complex  combinations 

>  Judson's  "Roads  and  Pavements,"  paRe  87. 

< " Dust  Preventives  and  Road  Binders.'!    John  Wiley  4c  Sons. 
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of  carbon,  hydrogen,  and  oxygen  and  small  amounts  of  nitrogen  and 
sulphur.  They  vary  in  composition  according  to  the  material  from 
which  they  are  made  and  the  temperature  at  which  they  are  distilled.' 
The  percentage  of  free  carbon  ranges  from  5  per  cent,  to  35  per  cent, 
and  the  bitumen  from  60  per  cent,  to  95  per  cent.,  depending  on  the 
temperature  of  manufacture.  Tars  produced  at  high  temperatures 
contain  free  carbon  in  excess  which  weakens  their  binding  power; 
they,  also,  contain  a  large  amount  of  anthracine  and  naphthalene, 
two  useless  materials  from  the  standpoint  of  road  work.  Tars 
produced  at  low  temperatures  are  to  be  preferred.  Coke  tar  is  low 
temperature  tar;  gas  tar  is  high  temperature  tar. 

Refined  Tars. — ^Much  of  the  road  tar  is  refined  tar — ^that  is,  it 
has  been  subjected  to  fractional  distillation  to  remove  the  valuable 
volatile  compounds.  The  residuum  from  this  process  is  a  thick 
viscous  material  known  as  coal-tar  pitch,  and  if  the  crude  tar  from 
which  it  is  obtained  was  produced  at  a  low  temperature  it  is  nearly 

f>ure  bitumen;  the  dead  oils  obtained  from  the  distillation  are  of 
ittle  value  and  are  often  run  back  into  the  pitch,  which  makes  it 
liquid  when  cold.  The  following  table  gives  the  approximate  com- 
position of  water-gas  tar,  crude  coal  tar,  and  refined  tar. 


Table  ■2^c.    Specific   Gravity  ani>  Composition  op  Tar 

Products 

Table  from  Bulletin  No.  34*  United  States  Office  of  Public  Roads 


Kind  of  Tar 

Spedfic 
Gravity 

Ammo- 
niacal 
Water 

Total 
Light  Oib 
to  170*  C. 

Total 

Dead  Oils 

170*  270*  C. 

Residue 

(by 

Difference) 

Water-gas  tar  . . . 
Crude  coal  tar  . . 
Refined  coal  tar  . 

1. 041 
1. 210 
I.177 

% 

2.4 
2.0 

0.0 

% 

021.6 

diT.2 
612.8 

% 
652.0 

«26.0 

% 
C24.0 

/S4.8 

a  Distillate  mostly  liquid. 
b  Distillate  all  liquid. 
c  Pitch  very  brittle. 
d  Distillate  mostly  solid. 


e  Dbtillate  one-half  solid. 
/  Pitch  hard  and  brittle. 
g  Distillate  one-third  solid. 


Table  2^d  gives  a  more  up-to-date  analysis  of  the  coal  tars  on  the 

market. 

The  tests  and  detailed  requirements  for  light,  medium,  and  heavy 
bitumens  are  given  in  specifications,  page  721. 

K  the  tar  is  used  as  a  temporary  dust-layer  only,  it  should  be  a 
low-temperature,  dehydrated  tar,  liquid  when  cold.  If  used  as  a 
more  permanent  binder  and  applied  hot,  it  should  have  a  larger 
percentage  of  pitch,  should  contain  no  water,  and  be  free  from  an 
excessive  amount  of  free  carbon.  If  used  as  a  mastic  in  butuminous 
macadam,  it  should  contain  a  high  percentage  of  pitch  and  be  free 
from  the  defects  mentioned. 
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Natural  Bitumens  and  Artificial  Residual  Oils  and  Semi-solids. — 

Mineral  oils  can  be  classed  as  paraffin  petroleums,  mixed  paraffin 
and  asphaltic  petroleums,  and  asphaltic  petroleums.  The  relative 
value  of  oils  as  a  source  of  supply  for  road  materials  depends  on 
their  percentage  of  asphaltic  residue.  The  eastern  oils  found  in 
New  York,  Pennsylvania,  West  Virginia,  etc.,  are  paraffin  petro- 
leums; the  western  oils  vary  from  light  to  heavy  asphaltic  petro- 
leums, and  the  southern  oils  have  a  naixed  paraffin  and  asphaltic 
base. 

The  crude  petroleum  is  refined  by  fractional  distillation  to  obtain 
its  valuable  products,  such  as  kerosene,  etc.  The  character  of  the 
residue  depends,  as  for  the  tars,  on  the  crude  material  and  the  method 
of  manufacture;  the  operation  known  as  "cracking,"  which  is  used 
to  increase  the  yield  of  the  inflammable  oils,  produces  an  excess  of 
free  carbon. 

The  paraffin  petroleum  residuums  are  soft  and  greasy  and  are  not 
suitable  for  road  work;  they  contain  a  large  amount  of  the  paraffin 
hydrocarbons  and  paraffin  scale  (crude  paraffin). 

The  California  petroleum  residuums  resemble  asphalt,  and  if  care- 
fully distilled  without  cracking  should  contain  little  or  no  free  carbon. 
They  are  suited  to  road  work. 

The  Texas,  or  semi-asphaltic  petroleums  contain  some  paraffin 
hydrocarbons  and  about  i  per  cent,  of  paraffin  scale.  Residuums 
from  these  oils,  if  containing  a  relatively  small  amount  of  paraffin, 
can  be  successfully  used. 

The  tests  and  required  properties  of  residuum  bituminous  binders 
used  on  the  New  York  State  roads  in  1914  are  given  in  specifications, 
page  721. 

The  following  tables  give  a  general  idea  of  the  relative  character- 
istics of  the  crude  petroleums  and  petroleum  residuums. 


Results  op  Tests  of  Crude  Petroleum 
Tables  from  Bulletin  No.  34  United  States  Office  of  Public  Roads 


KindK  of  Oil 

Specific 
Gravity 

Flash  Point 

fsfS 

Volatility  at 
160'*  C. 
7  Hours 

Volatility  at 
205*  C. 
7  Hours 

1 

Pennsylvania,  paraffin 

Texas,  semi-asphaltic  .... 
California,  aspnaltic 

aSoi 
.004 
.939 

(a) 

26 

1 

% 
47.3 
20.0 

% 
58.0 
27.0 

68.0 

49.0 

042.7 

J' 
632.0 

C5X.O 
«S7«3 

a  Ordinary  temperature 
6  Soft 


c  Quick  flow  e  Soft  maltha;  sticky 

d  Volatilily  at  200*,  7  hours. 


{Continued  on  page  248) 
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Table  23^.    Circular  No.  97,  U.  S.  Office  of  Public  Roads 

Analysis  of  crude  coke-oven  tars  produced  in  the  United  States  and  Canada- 


Serial 
No. 


Sxa6 
5X33 

5X34 

S137 

5iax 

5x35 

5xa8 
5200 

S189 
5x60 
S074 
508X 

SOQS 

5083 
5159 

5x07 
5086 

S078 
5087 

S109 

5132 
5188 

5404 
5108 

SI27 

5089 


General  Informatioa 


Company  and  location 


Type  of 
Oven 


Solvay  Process  Co.,  Syracuse,  N.Y Semet-Solvay 

Semet-Solvay  Co.,  Pennsylvania    Steel 

Co.,  Steelton,  Pa 

Semet-Solvay  Co.    National  Tube  Co., 

Benwood,  W.Va. 
Semet-Solvay  Co.,  Milwaukee  Coke  & 

Gas  Co.,  Milwaukee,  Wis 

Semet-Solvay  Co.    Pennsylvania    Steel 

Co.,  Lebanon,  Pa 

By-Products  Coke  Corporation,  South 

Chicago,  111 

Semet-Solvay  Co.,  Detroit,  Mich 

Semet-Solvay  Co.,  Empire   Coke  Co., 

Geneva,  N.Y 

Semet-Solvav  Co.,  Dunbar  Furnace  Co., 

Dunbar,  Pa 

Semet-Solvay  Co.,  Central  Iron  &  Coal 

Co.,  Tuscaloosa,  Ala 


(Philadelphia    Suburban  Gas  &  Electric 
(     Co.,  Chester,  Pa. 


Semet-Solvay  Co.,  Ensl^,  Ala. 

The  N.  E.  Gas  &  Coke  Co.,  Everett.Mass. 

{Lackawanna Steel  Co.,  Lackawanna  Iron 
&  Steel  Co.,  Lebanon^  Pa 

Dominion  Tar  &  Chemical  Co.,  Sydney, 
Nova  Scotia 


Hamilton  Otto  Coke  Co.,  HamSton,  Ohk>. 
Carnegie  Steel  Co.,  South  Sharon,  Pa.. . 
Maryland  Steel  Co.,  Sparrows  Point,  Md 
Citizens'  Gas  Co.,  Indianapolis,  Ind 


Maximum 
temperature 

of  firing 

retorts 


} 


Otto  Hoffman 

f    ••••       •••••• 


it 


I  Pittsburg  Gas  &  Coke  Co.,  The  United 
I     Coke  &  Gas  Co.,  Glassport,  Pa 


United  Otto 


Zenith  Furnace  Co.,  Duluth,  Minn. 
Illinois  Steel  Co.,  JoUet,  lU 


I  Illinois  Steel    Co.,   Indiana    Steel  Co., 
(     Gary,  Ind 


Camden  Coke  Co.,  Camden,  N.J. 


Cambria  Steel  Co.,  Johnstown,  Pa. 


.Koppers 


Lackawanna  Steel  Co.,  Buffalo,  N.Y.  . 


Otto  Hoff. 
man 

United 
Otto 

Otto  Hoff- 
man 

United 
Otto 

United 
Otto 

Rothbwg    I 


X650-X450"*  C. 

I050-X450*  C. 

IOSO-I4SO*  C. 

I0S0-I450*  C. 

io5a-i4SO*  C. 

1050- 1450*  C. 
IOSO-I4SO*  C. 

I05O-X450*  C. 

I05O-I450*  C. 

i35o"  C. 
1050*  C. 

I3S0'C. 

1 ixoo*  C. 
( xooo*  C. 
t<x8ooT.) 

(») 
ixxx'C. 

(2000*F.) 

i666'C. 
,  (3000*  F.) 

^  X333'  C. 

,(340oF.) 

li33a"C. 

\  (3300  F.) 

{      ^^ 

ixa33-xa77*C. 
220O-23OO*F. 
I444*  C. 
(26oo^F.) 

ixoo*  C. 

( xooo*  C. 

(i8oo*  F.) 
x22a*C. 
(aaoo*  F.) 
xixx'C. 

(3O0O»F.) 

xxxx'C. 

(3000*F.) 

looo'C. 
(x8oo-  F.) 
' looo*  C. 
(x8oo' F.)  J 
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Table  i^d.    Continued 


Answers  to  Questraos 

Examination 

Per 

temperature 

to  which  coal 

is  brought 

Specific  gravity 
of  crude  tar 

Per  cent  of 
free  carbon 
in  tar 

Spedfic 
gravity 

of  tar. 

25"  C. 

Per 

cent 

of  free 

carbon 

Per 

cent 

of 

ash 

cent 
solubli 
inCSs 
includ 

950-1150*  C. 

1.  12-1.  21 

3-1  a 

1.19s 

7.76 

0.1 3 

92.13 

950-1150"  C. 

I.  12-1.  21 

3-ia 

1.206 

8.77 

.07 

91. x6 

950-1 1 50"  C. 

I.  12-1.  21 

3-12 

1.176 

7.14 

.04 

93.83 

950-1150*  C. 

1. 12-1.  31 

3-12 

1.168 

6.X0 

.05 

93.8s 

950-1150*  C. 

1. 12-1.  21 

3-1  a 

1.173 

4.71 

.06 

9S.a3 

950-1150*  C. 

1. 12-1.  21 

3-1  a 

1.19X 

7.49 

.03 

93.48 

950-1150*  C. 

1. 13-1.  21 

3-1  a 

1.169 

6.56 

.11 

93.33 

950-1150*  C. 

1.  12-1.  21 

3-1  a 

I.IS9 

6.07 

.08 

93.8s 

950-1150"  C. 

1. 12-1.  21 

3-1  a 

x.x8x 

8.8s 

.03 

91.13 

1150*  C. 

r            '•  '^ 

5.7a 

X.IS9 

5.05 

.oa 

94-93 

iooo*C. 

1               1.16 
(20"  C.) 

— 

1.14X 

$-96 

.05 

9599 

1150*  C. 

1.17 
I     (IS*  C.) 

8 

I.X7S 

6.90 

.06 

93.04 

»120O*C. 

1.17 

8-10 

X.160 

13-94 

.00 

86.06 

iooo"C.    > 
(i8oo*  F.) } 

1.10 

16-24 

1.214 

14.05 

•13 

85.83 

.?i 

1.170 

10-15  • 

1.143 

xo.8x 

•OS 

89.14 

iiii*C. 

(2000*F.) 

1.14 

•16.0 

i.x6o 

8.37 

.06 

91.57 

I444*C. 

(2600*  F.) 

1.2 

7.  09-10.64 

1.191 

7.89 

.03 

93.08 

1222*  C. 

(2200*  F.) 

•   1. 19 

•8-10 

1.179 

8.49 

.03 

91.48 

1222* C. 
(2200*F.) 

I.  14-1.  IS 
(so*  F.) 

4-S 

1.133 

5.31 

.07 

94.7a 

(«) 

1.307 
lo"  C. 

16.59 

1. 176 

10.53 

.04 

89.43 

(») 

(») 

P) 

119s 

X3.l8 

.OS 

87.77 

1388* c 
(3500*  F.) 

j  1.  16-1.  30 

12-15 

1.171 

3.89 

.06 

96.0s 

(880-950" 

\    c. 

*  1.174 
1.169 

}         4-3S 

1. 169 

a.73 

.04 

97-83 

833'  C. 

^ 

(iSoo*F.) 
io55*C. 

I.  20-r.  30 
»  (I.331) 

7-9 
•  (7.3) 

}  1.182 

11.30 

.06 

88.64 

(I900*F.) 

>iiii*C. 

(2000"  F.) 
»iiii*C. 

1.13 

«1S 

1. 311 

13.40 

.16 

87^4 

(3000*F.) 

iooo*C. 

■ 

(i8oo*  F.) 
looo'C. 

1. 16 

16-24 

X.3XO 

16.80 

.00 

83.flC 

(i8oo*  F.) 

, 

i 


246 


MATERIALS 


Table  2^(1.    Continued 


Serial 

No. 


5x26 
5"3 

S124 

S137 

5xai 

SI2S 

5x38 
5200 

,5x89 
5x60 

.5074 

5081 
5095 

S083 

5x59 

S107 
5086 
S078 
S087 
S109 

5X32 
5x88 
5404 

5x08 

SX37 

5089 


Company  and  Location 


Solvay  Process  Co.,  Syracuse,  N.Y.  . . 
Semet-Solvay    Co.,   Pennsylvania   Steel 

Co.;  Steelton,  Pa. 

SemetrSolvay  Co.,  National  Tube  Co., 

Benwood,  W.Va 

Semet-Solvay  Co.,  Milwaukee  Coke  & 

Gas  Co.,  Milwaukee,  Wis 

Semet-Solvay    Co.,  Pennsylvania    Steel 

Co.,  Lebanon,  Pa 

By-products  Coke  Corporation,   South 

Chicago,  111 , 

Semet-Solvay  Co.,  Detroit,  Mich 

Semet-Solvay  Co.,  Empire  Coke     Co., 

Geneva,  N.Y 

Semet-Solvay  Co.,  Dunbar  Furnace  Co., 

Dunbar,  Pa 

Semet-Solvay  Co.,  Central   Iron  &  Coal 

Co.,  Tuscaloosa,  Ala. 

Philadelphia  Suburban  Gas  &    Electric 

Co.,  Chester,  Pa 

Semet-Solvay  Co.,  Ensley,  Ala 

The -New  England   Gas   &   Coke    Co 

Everett,  Mass 

Lackawanna   Steel     Co.,     Lackawanna 

Iron  &  Steel  Co.,  Lebanon,  Pa 

Dominion  Tar  &  Chemical  Co.,  Sydney, 

Nova  Scotia 

Hamilton  Otto  Coke  Co.,  Hamilton,  O.. . 
Carnegie  Steel  Co.,  South  Sharon,  Pa.. . . 
Maryland  Steel  Co.,  Sparrows  Point,  Md. 

Citizens'  Gas  Co.,  Indianapolis,  Ind 

Pittsburff  Gas  &  Coke  Co.,  The  United 

Coke  a  Gas  Co.,  Glassport,  Pa 

Zenith  Furnace  Co.,  Duluth,  Minn 

Illinois  Steel  Co.,  JoUet,  111 

Illinois  Steel  Co.,  Indiana   Steel    Co., 

Gary,  Ind 

Camden  Coke  Co.,  Camden,  N.J 

Cambria  Steel  Co,,  Johnstown,  Pa 

Lackawanna  Steel  Co.,  Buffalo,  N.Y. . . . 


Examinatimi,  Public  Roiids 


Distillation  results 


Water 


x.o 
x.o 

X.I 

X.8 
.6 

0) 
6.9 

4.0 

3.0 

3.2 

2.3 
3-3 

2.2 

5.4 

3.2 

3.4 
X.O 

X.6 

1.2 
X.X 
3.6 
X.9 
35 
2.2 
xo.x 
2.7 


.0.55) 


0.8 

.8 
1.0 
IS 

•5 

Q) 
5.9 

3.4 

1-7 
3.8 

2.0 
2.8 

2.0 

4-4 

2.8 

3.0 
x.o 

X.3 

X.X 

X.o 

30 

x.6 
3.0 
x.9 

8.3 
2.2 


Light  oils  up 
to  ixo*  C. 


•0.3 

.4 
1.9 

1.4 

1.6 

.4 

>2.8 
3.6 

1.7 
2.4 


2.3 

•1.4 


2.9 

•1.4 

[x.9 

3X 
•1.6 

x.3 

X.X 
X.X 

X.7 
•1.7 

•Ji 

•3.1 


0.3 

.3 

i-S 

1.2 

x.3 

.3 
3.3 

2.x 
1.4 
1.9 

1-3 

I.O 

2.3 

X.4 

IS 
2.5 

X.2 


•9 

.9 
1.3 

x.2 
X.O 
X.4 

2.3 

•3 


References  to  Table  23  <f 


1  Approximately. 

*  No  information. 

*  Varies  with  coal.    Coal  with  28  per 
cent  of  volatile  matter  used. 

«WithH«0. 
»  At  present. 

*  Variable. 
'Trace. 


•Trace  of  solids. 
•  Distillate,  solid. 
i<>  Distillate,  one-fourth  solid, 
u  Dbtillate,  niue-tentbs  solid. 
»  Distillate,  three-fourths  solid. 
Distillate,  eight-ninths  solid, 
u  Distillate,  one-balf  solid. 
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Table  2^d.    Continued 


References  to  Table  23  d 


Tlzamiiutinn,  Oflfice  of  Public  Koads 

1 

Distillation  results 

Middle  oils, 
iio"*-i70  C. 

Heavy  oils, 
i7o*-27o  C. 

Heavy  oils. 
27o*-3iS" C. 

Pitch 

Serial 
No. 

^1 

^•3 

^1 

^1 
^1 

0.8 

0.7 

**I3.I 

"S 

»     8.2 

7.3 

"  76.6  - 

79.x 

5ia6 

•  2.0 

X.7 

'  14.0 

Z2.3 

*  7.9 

6.9 

"74-7 

•77.6 

S123 

.7 

.6 

14.9 

X3.a 

«  XI.9 

X0.6 

»69.S 

73.x 

Sxa4 

.8 

.6 

"  21.I 

18.9 

««  s.s 

4.9 

"69.4 

72.S 

S137 

.8 

.6 

"  17.S 

15.5 

"9.4 

8.4 

"70.X 

73.7 

5zax 

»  .4 

.9 
.3 

"23.6 
"14.6 

20.7 
i3«o 

•  9.8 

•  6.9 

8.9 
5-7 

"65.1 
«68.4 

68.9 
72.0 

Sias 
5x28 

.6 

5 

"  17.6 

IS-S 

»  1 1.4 

X0.4 

»63.8 

67.7 

5200 

.3 

.a 

*■  20.0 

17.8 

n   6.S 

57 

»69.6 

73.x 

S189 

.3 

.3 

18.6 

16.3 

"7.5 

6.8 

"  68.0 

7X.S 

5160 

Z.3 

.a 

.8 
.a 

22.8 
»  16.S 

19.  S 

X4.X 

"  13.6 
"    9.3 

ia.5 
8.2 

57.8 
•'69.3 

62.0 
73.a 

5074 
5081 

.6 

S 

335 

20.4 

«  15.6 

X4.4 

"  SS-2 

597 

5095 

•    .1 

.1 

11 13.0 

xa9 

«    9-4 

8.x 

"70.7 

74.6 

S083 

.6 

.7 
•    .6 

•4 

27. a 

27.9 

M12.1 

24.2 
24.4 
xo.a 

"    7.3 
»    3.8 
»xi.o 

6.7 
3-S 
9.7 

"S9.8 
"61.1 

"73-7 

63.S 
64.9 

77.S 

SIS9 
S107 
S086 

.6 

.4 

Mi7.a 

iSX 

«   9.6 

8.S 

"69.7 

73-2 

S078 

1.4 

.5 

•4 

•   .a 

!  ^ 

•a.a 

1-3 
.4 
.3 
.a 

.3 
5 
.a 

1.7 

239 

"26.9 

"18.x 

•20.0 

•  20.6 

"20.S 

'7.1 

•1X.7 

"1 
a3.6 

1 5-9 
z8.o 
X8.5 
x8.a 
6.x 
9.9 

"  11.6 
"    6.9 

"12.5 

"13.4 

•    7.x 
"   8.5 
2    7.4 

X0.4 
6.3 

ZI.X 
X2.0 

6.S 

7-5 

6.9 

xo.a 

»6o.8 
»63.S 
"63.7 
«6a.8 
«67.i 
•66.4 
"72.0 

64.7 
67.6 
67.8 
66.3 
70.  a 
70.x 
74.8 
7S.O 

S087 
S109 

5X23 
5X88 

S4O4 
5X08 

S"7 
S089 

H  Distillate,  two-thirds  solid. 
>•  Distillate,  four-fifths  solid. 
>'  Dfetillate,  seven-eighths  solid. 
»  Distillate,  one-ninth-  solid. 
1*  Distillate,  one-third  solid. 
*  Distillate,  one-sixth  solid. 
■  Distillate,  one-fifth  solid. 


tt  Distillate,  two-fifths  solid. 
"  Distillate,  one-seventh  solid. 
*«  Distillate,  three-fifths  solid. 

*  Pitch,  soft  and  sticky. 

*  Pitch,  very  soft  and  sticky. 
»  Pitch,  hard  and  brittle. 

*  Pitch,  plastic. 
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Results  op  Petroleum  Residuum 


Kinds  of  Oil 

Specific 
Gravity 

Flash  Point 

••c. 

Volatility  at 

200*  C. 

7  Hours 

(4 

SoUd 
Paraffin 

Fixed 
Carbon 

Pennsylvania,  paraffin 

Texas,  semi-asphaltic 

California,  asphaltic 

0.920 

•974 
X.006 

186 
214 
191 

% 
17-3 

% 
085.8 
093.8 
082.7 

% 
zi.o 

1.7 
.  0.0 

% 
3.0 
3-S 
6.0 

• 

o  Soft. 


Tests  of  Bitumens  and  Their  Significance. — Bitumens  for  use 
as  the  cementing  material  in  road  construction  may,  according 
to  their  source  and  characteristics,  be  divided  into  the  two  general 
classes  of  asphalts  and  tars. 

The  asphalts  suitable  for  use  as  the  cementing  agent  in  road  con- 
struction are  produced  either  by  reducing  asphaltic  base  petroleum 
to  a  suitable  consistency  by  the  distillation  process  or  by  softening 
the  so-called  solid  asphalts  to  a  suitable  consistency  by  the  addition 
of  flux  produced  by  the  partial  distillation  of  petroleum. 

The  different  grades,  relative  to  consistency,  of  road  oils  are 
usually  produced  by  the  partial  reduction  of  asphaltic  base 
petroleum. 

By  the  destructive  distillation  of  bituminous  coals  or  the  "crack- 
ing" of  petroleum  oils  during  the  carburetting  process  in  the  manu- 
facture of  water  gas,  crude  tars  are  produced.  These  crude  tars  are 
refined  or  reduced  by  distillation  to  a  suitable  consistency  for  use 
in  road  construction. 

Bitumens  are  used  in  road  construction  for  the  purpose  of  water- 
proofing the  surface  and  adding  to  the  mechanical  bond  of  the  min- 
eral aggregate  by  cementing  together  the  finer  particles  of  mineral 
matter,  thus  preventing  their  displacement  under  the  action  of 
traffic  and  retaining  them  in  the  road  surface  where  they  fill  the 
interstices  between  the  larger  stone  and  bind  them  together. 

The  desirable  characteristics  of  bituminous  material  for  road 
building  purposes  are,  first.  Adhesiveness,  second,  Non-Susceptibilily 
to  changes  in  temperature,  and  third.  Stability  or  "life.'*  The  chief 
object  of  bituminous  material  specifications  is  to  make  imperative 
these  desirable  qualities  of  the  material. 

In  connection  with  testing  bituminous  materials  the  thought 
should  be  kept  in  mind  that  the  laboratory  results  obtained  in  the 
different  tests  are  largely  for  comparative  purposes.  By  this  means 
new  or  but  little  used  materials  may  be  compared  with  materials 
which  have  proven  satisfactory  under  service  tests.  Also  laboratory 
results  furnish  an  accurate  means  to  specify  the  exact  characteristics 
of  the  material  desired  for  any  given  purpose. 

Adhesiveness. — The  adhesiveness  of  the  material  is  provided  for 
in  specifications  by  suitable  requirements  of  ductility  and  toughness. 
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The  ductility  and  toughness  tests  are  made  for  the  purpose  of 
determining  the  adhesive  and  binding  qualities  of  the  material  under 
different  conditions  of  temperature.  The  ductility  test  is  made  by 
determining  the  distance  a  briquette  of  the  material,  having  a  stand- 
ard cross-section  (i  sq.  cm.)  will  draw  out  before  breaking.  Since 
temperature  effects  the  results,  a  standard  temperature  of  77  degrees 
Fahrenheit,  has  been  adopted  generally  for  making  this  test.  Expe- 
rience teaches  that  the  greater  the  distance  that  a  briquette  of  the 
material  will  stretch  out  before  breaking  the  more  sticky  and  adhesive 
the  material.  This  test  may  be  performed  in  a  rough  manner  by 
pulling  out  a  small  roll  of  the  material  between  the  fingers. 
Material  which  will  not  pull  out  to  a  long  thread  before  breaking  is 
usually  spoken  of  as  "short."  Such  materials  are  not  adhesive  or 
sticky  and  it  is  extremely  difficult  to  bind  a  road  with  them,  even 
under  the  most  favorable  circumstances. 

As  stated,  the  ductility  test  is  usually  made  at  a  temperature  of  77 
degrees  Fahrenheit  and  thus  measures  the  adhesiveness  of  the  mate- 
rial at  a  rather  high  temperature.  To  obtain  an  indication  of  the 
diaracter  of  the  material  at  a  low  temperature  the  Toughness  test  is 
made  at  a  temperature  of  32  degrees  Fahrenheit.  This  test  is  per- 
formed by  dropping  a  weight  of  2  kilograms  on  a  cylinder  of  the 
material  i^  incnes  in  diameter  by  i^  inches  in  height.  The  first 
height  of  the  drop  is  usually  from  a  distance  of  5  cm.  and  is  gradu- 
ally increased  until  rupture  of  the  cylinder  occurs.  A  rough  field 
test  for  toughness  may  be  performed  by  noting  whether  a  piece 
of  tibe  material  will  fracture  under  a  sharp  blow.  If  the  temperature 
of  the  material  is  about  32  degrees  Fsmrenheit,  the  results  will  be 
more  indicative  of  the  character  of  the  material. 

Bitumens  which  are  brittle  or  which  give  a  low  toughness  result, 
lose  their  binding  value  in  cold  weather  and  roads  constructed  by 
their  use  are  apt  to  ravel  and  break  up  under  traffic. 

Bitumens  which  give  good  ductility  and  toughness  results  under 
the  methods  outlined,  will  give  satisfactory  results  as  the  cementing 
medium  when  used  in  road  construction  provided  the  other  con- 
struction details  have  been  properly  foUowed  out. 

In  connection  with  the  stickiness  and  adhesiveness  of  bitumens 
the  fact  should  always  be  kept  in  mind  that  their  purpose  in  road 
construction  as  cementing  medium,  is  most  effective  when  used  with 
a  hard,  clean,  dry  mineral  aggregate.  As  the  departure  from  these 
qualities  of  the  mineral  aggregate  increased  so  also  are  increased  the 
difficulties  of  getting  a  satisfactory  road  suriace*  firmly  bound 
together. 

Susc^tibility  to  Chaxiges  in  Temperature. — The  susceptibility 
to  changes  in  temperature  is  shown  by  the  relative  hardness  as 
indicated  by  the  penetration  tests  at  different  temperatures,  as 
32  degrees  Fahrenheit,  77  degrees  Fahrenheit  and  115  degrees 
Fahrenheit. 

The  consistency  of  asphalts  is  referred  to  as  the  "penetration." 
The  penetration  test  is  made  by  measuring  the  distance  in  hundredths 
of  a  centimeter  Uiat  a  standard  needle  under  a  stated  load,  applied 


250  MATERIAI.S 

for  a  stated  time,  will  penetrate  into  it  vertically.     These  variable 
factors  are  usually  as  follows : 

^  Needle  —  R.  J.  Roberts*  Parabola  "Sharps"  No.  2. 

at  32**  F.  200  gram  weight,  i  minute, 
at  77**  F.  100  gram  weight,  5  seconds, 
at  115**  F.    50  gram  weight,  5  seconds. 

The  material  which  is  the  most  susceptible  to  changes  in  tempera- 
ture will  show  the  greatest  variation  in  penetration  under  varying 
conditions  of  temperature.  Roads  constructed  by  the  use  of  mate- 
rials which  are  extremely  susceptible  to  changes  in  temperature  be- 
come soft  in  warm  weather,  mark  easily,  have  a  tendency  to  rut  and 
become  wavy.  In  cold  weather  this  material  becomes  very  hard 
and  slippery  and  is  apt  to  be  brittle  and  become  chipped  from  the 
road  surface. 

In  addition  to  the  general  qualities  of  bitumens  which  are  shown 
by  penetration  tests,  this  test  is  used  in  specifications  to  define 
within  narrow  limits  the  consistency  of  the  material.  The  consist- 
ency limits  placed  in  specifications  are  governed  by  the  climate  and 
the  type  of  construction  to  be  followed,  also  the  general  size  of  the 
mineral  aggregate  to  be  used.  When  the  penetration  method  of 
construction  is  followed  it  is  necessary  to  use  a  relatively  soft  asphalt 
in  order  that  it  may  be  incorporated  in  the  road  surface.  In  the 
miidng  types  of  construction  a  harder  asphalt  may  be  incorporated 
with  the  mineral  aggregate.  The  use  of  a  hard  asphalt  together 
with  a  graded  mineral  aggregate  gives  a  dense  wearing  surface  that 
does  not  readily  become  wavy  under  traffic. 

The  information  obtained  by  the  penetration  test  is  not  readily 
checked  in  the  field  without  the  aid  of  laboratory  apparatus,  but  as 
a  general  rule  bitumens  which  are  suitable  for  binders  are  plastic 
when  "worked"  in  the  hands. 

StabiHty.— When  the  term  "StabiUty"  or  "Life"  is  used  in  ref- 
erence to  bitumens  it  refers  to  the  quality  of  the  material  by  which 
it  retains  its  characteristics,  usually  as  defined  by  the  specifications, 
over  a  long  period  of  time.  The  laboratory  tests  wJtiich  indicate 
this  property  are  the  evaporation  test,  the  ratio  of  the  penetration 
after  evaporation  to  the  original  penetration,  and  the  flash  point 

The  heating  or  evaporation  test,  is  made  by  placing  50  grams  of 
the  material  in  a  flat  bottomed  dish  2%6  inches  in  diameter  by  ij^ 
inches  in  deptl^  •This  is  placed  in  an  oven  maintained  at  a  specified 
temperature,  usually  325  degrees  Fahrenheit  for  a  period  of  5  hours. 

This  test  may  be  considered  as  an  accelerated  test  on  the  material. 
In  a  binder,  the  percentage  lost  by  weight  together  with  the  result- 
ing hardening  as  shown  by  the  relative  penetration,  t.e.,  the  ratio  of 
the  original  penetration  to  the  penetration  after  evaporation,  are 
indicative  of  the  "life"  of  the  material.  The  less  the  evaporation 
loss  and  the  less  the  hardening  as  shown  by  the  relative  penetration 
the  greater  will  be  the  "life"  of  the  material. 

In  an  oil  used  for  surface  application  the  evaporation  test  shows 
the  presence  and  quantity  of  light  oils.  This  is  indicative  of  the 
time  required  for  the  oil  to  "set  up"  after  application  to  the  road 
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surface;  the  evaporation  from  the  large  surface  area  of  the  oil  as 
applied  to  the  road  being  roughly  comparable  with  evaporation 
from  the  smallest  surface  area  of  the  oil  exposed  at  the  higher  tem- 
perature at  which  the  test  is  made. 

The  open  flash  test  is  made  by  heating  at  the  rate  of  about  10 
degrees  Fahrenheit  per  minute,  a  small  quantity  of  the  material, 
approximately  40  grams  in  a  dish  of  approximately  the  same  size  as 
the  dish  used  for  the  penetration  tests,  2^6  inches  in  diameter  by 
i|^  inches  in  depth.  A  small  flame  from  a  capillary  tube  is  passed 
over  the  surface  of  the  oil  at  each  increase  of  5  degrees  in  tem- 
perature. 

A  slight  ^'puff*'  or  explosion  indicates  the  flash  point  has  been 
reached.  The  presence  of  light  oils  or  distillates  is  indicated  by  a 
low  flash  point.  The  flash  point  together  with  the  evaporation 
results  give  an  indication  as  to  the  methods  and  materials  used  in 
the  manufacture  of  the  bitumen  which  is  being  tested. 

Unless  "cut-back"  materials  are  being  tested,  in  which  an  exceed- 
ingly light  distillate  as  naphtha  or  benzole  has  been  used  as  the 
"cut-back"  agent,  considerable  "smoke"  will  be  given  off  from  the 
sample  before  the  flash  point  is  reached.  This  feature  should  be 
kept  in  mind  when  material  is  being  heated  for  application  in  the 
field.  Material  should  never  be  heated  in  the  field  to  a  point  when 
it  smokes  profusely,  for  at  such  a  temperature  the  material  is  being 
"burned"  or  hardened  to  such  an  extent  that  it  loses  its  adhesive- 
ness and  becomes  brittle  when  cold,  thus  failing  to  become  a  binding 
or  cementing  agent  which  binds  the  mineral  aggregate  of  the  road 
together. 

The  same  "burning"  effect  on  the  material  is  produced  by 
keeping  it  at  a  temperature  below  the  "smoking  point"  for  a 
long  period  (several  hours)  as  would  be  produced  at  a  higher 
temperature  for  a  shorter  period  of  time.  This  important  feature 
should  always  be  kept  in  mind  when  heating  material  for  applica- 
tion in  the  field. 

Such  tests  as  those  for  water,  specific  gravity,  purity,  paraffine, 
etc.  are  usually  placed  in  specifications  in  addition  to  the  tests  which 
govern  adhesiveness,  non-susceptibility  and  stability  for  the  purpose 
of  identification  of  materials  used,  methods  of  manufacture,  degree 
of  refinement  and  care  used  in  refining. 

The  presence  of  water  in  bituminous  materials  causes  frothing 
when  heated  to  a  temperature  of  about  212  degrees  Fahrenheit.  In 
addition  to  the  difficulty  experienced  in  heating  material  containing 
water,  due  to  the  frothing,  an  even  application  or  distribution  to  the 
road  of  such  material  is  extremely  difficult,  due  to  the  presence  of 
the  froth  which  is  apt  to  be  applied  rather  than  the  liquid  bitumen. 

Tests  for  specific  gravity,  purity,  paraffine,  etc.  require  laboratory 
apparatus  to  get  results  which  indicate  qualities  of  the  material. 
The  information  obtained  by  these  tests  can  not  be  obtained  by  field 
tests. 

If  we  assume  that  a  suitable  bitumen  has  been  specified  and  ob- 
tained for  construction  work  in  which  a  bitumen  is  to  serve  as  the 
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cementing  material,  the  results  obtained,  relative  to  the  bitumen, 
will  depend  upon: 

1.  Not  over-heating  (by  high  temperature  or  long  time)  the 
bitumen. 

2.  The  use  of  hard,  clean,  dry  stone. 

3.  Grading  of  the  mineral  aggregate  to  reduce  the  voids  and  obtain 
greater  density. 

4.  Thorough  and  uniform  incorporation  of  the  bitumen  with  the 
mineral  aggregate. 

5.  Maximum  consolidation,  by  rolling  when  laid. 

When  bituminous  materials  which  may  be  applied  cold  are  to  be 
applied  to  a  road  surface,  that  surface  ^ould  nrst  be  put  in  good 
condition.  Surface  application  treatment  is  for  the  purpose  of 
preserving  a  road  which  is  in  good  condition  and  not  repairing  an  un- 
even road.  We  do  not  repair  a  house  by  painting  it;  rather  we 
repair  the  house  and  then  paint  it,  in  order  that  it  may  remain  in 
goNxi  condition.  An  attempt  to  biiild  up  a  road  wearing  surface  by 
the  use  of  bitumens  which  may  be  appied  cold  usually  results  in  a 
surface  which  is  easily  marked,  ruts  alnd  pushes  into  waves. 

Cement. — There  are  five  different  classes  of  cement,  Portland, 
Natural,  Pozzolan,  Iron  Ore,  and  Magnesia  cements.  Of  these 
the  Portland  or  Natural  is  usualy  spiecified. 

Portland  cement  is  the  term  lappled  to  the  finely  pulverized 
product  resulting  from  the  calcination  to  incipient  fusion  of  an  in- 
timate mixture  of  properly  proportioned  argillaceous  and  calcareous 
materials,  and  to  which  no  addition  greater  than  3per  cent,  has  been 
made  subsequent  to  calcination.  (Amer.  Soc.  Testing  Materials 
1 91 5— page  353.) 

Natural  cement  is  the  term  applied  to  the  finely  pulverized  prod- 
uct resulting  from  the  calcination  of  an  argillaceous  limestone  at  a 
temperature  only  sufficient  to  drive  off  the  carbonic  acid  ^s. 
(Amer.  Soc.  Testing  Materials  191 5~p.  352.) 

Portland  cements  are  usually  heavier,  stronger,  slower  setting, 
and  more  uniform  than  the  natural  cements  and  are  generally  us^ 
for  road  structures,  such  as  culverts,  retaining  walls,  etc.  Portland 
cement  is  practically  the  only  cement  used  to  any  extent  in  the 
United  States  at  the  present  time.  The  few  manufacturers  of 
natural  cement  who  were  retaining  a  hold  on  the  market  some  few 
years  back  when  the  production  of  Portland  cement  was  expensive, 
are  finding  it  difficult  to  compete  with  this  latter  product  at  its 
present  price  and  quality. 

The  following  is  the  standard  specification  for  Portland  cement 
as  adopted  by  the  American  Society  of  Civil  Engineers  and  the 
American  Society  for  Testing  Materials: 

First:  Specific  gravity.  The  specific  gravity  of  cement  shall  not  be  less 
than  3. 10.  Should  the  test  of  cement  as  received  fall  below  this  requirement, 
a  second  test  may  be  niade  upon  a  sample  ignited  at  a  low  red  heat.  The  loss 
in  weight  of  the  ignited  cement  shall  not  exceed  4  per  cent. 

Second:  Fineness.  It  shall  leave  by  weight  a  residue  of  not  more  than 
8  per  cent,  on  the  number  100,  and  not  more  than  25  per  cent,  on  the  number 
200  sieve. 

Third :  Time  of  Setting.  It  shall  not  develop  initial  set  in  less  than  thirty 
minutes;  and  must  develop  hard  set  in  not  less  than  one  hour,  nor  more  than 
ten  hours. 
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Fourth:  Tensile  Strencth.  The  minimum  requirements  for  tensile 
strength  for  briquettes  one  square  inch  in  cross  section  shall  be  as  follows 
and  the  cement  shall  show  no  retrogression  in  strength  within  the  periods 
specified: 

Agb  Neat  Csment  Strbngth 

24  hours  in  moist  air  175  lbs. 

7  days  (i  day  in  moist  air,    6  days  in  water)  500    " 
28     "     (I    •*    "      "       "    27     "     •*      •*    )  600   ** 

Onb  Part  Ceicbkt — Thrbb  Parts  Standard  Ottawa  Sand 

7  days  (x  day  in  moist  air,    6  days  in  water)  300  lbs. 
28     •'     (I     '' 27     **     "       "    )  275    " 

Fifth :  Constancy  of  Volume.  Pats  of  neat  cement  about  three  inches  in 
diameter,  one-half  inch  thick  at  the  center,  and  tapering  to  a  thin  edge,  shall 
be  kept  in  moist  air  for  a  period  of  twenty-four  hours. 

(o)  A  pat  is  then  kept  m  air  at  normal  temperature  and  observed  at  in- 
tervals for  at  least  28  days. 

(fr)  Another  pat  is  kept  in  water  maintained  as  near  70  degrees  P.  as 
practicable,  and  observed  at  intervals  for  at  least  28  dajs. 

(<:)  A  third  pat  is  exposed  in  any  convenient  way  m  an  atmosphere  of 
steam,  above  boiling  water,  in  a  loosely  closed  vessel  for  five  hours. 

These  pats,  to  satisfactorily  pass  the  requirements,  shall  remain  firm  and 
hard,  and  show  no  signs  of  distortion,  checking,  cracking  or  disintegrating. 

Sixth :  Chemical  Composition.  The  cement  shall  not  contain  more  than 
1.75  oer  cent,  of  anhydrous  sulphuric  add  (SOi),  nor  more  than  4  per  cent, 
of  magnesia  (MgO). 

The  methods  used  in  testing  cement  are  standardized  in  detail 
and  can  be  obtained  in  the  *' Year  Book''  of  19 13,  published  by  the 
American  Society  for  Testing  Materials  or  Committee  report  on 
"Uniform  Tests  of  Cement'*  of  the  American  Society  of  Civil 
Engineers  191 2. 
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Fine  Aggregate. — Fine  aggregate  for  use  in  concrete  should  con- 
sist of  sand  free  from  any  deleterious  matter.  Any  sand  which 
shows  a  coating  on  the  grains  should  not  be  used  until  satisfactorily 
cleansed  by  washing. 

The  following  tests  are  made  on  sand  to  determine  its  suitability 
for  use  in  different  classes  of  concrete: 

I  St.    Gradation. 

2nd.    Percentage  of  voids. 

3rd.    Percentage  of  loam  or  silt. 

4th.    Compressive  or  tensile  strength  in  cement  mortar. 

In  order  to  secure  suitable  qualities,  minimum  requirements 
determined  Trom  the  above  tests  should  be  definitely  specified. 

The  following  specifications  are  now  being  used  by  Highway 
Departments  in  several  of  the  States: 

Sand  for  use  in  Portland  cement  concrete  roads  shall  be  of  the 
following  gradation:  100  per  cent,  shall  pass  a  yH'  screen,  not  more 
than  20  per  cent,  shall  pass  a  No.  50  sieve  and  not  more  than  6  per 
cent,  shall  pass  a  No.  100  sieve.  Sand  may  be  rejected  for  this  class 
if  it  contains  more  than  5  per  cent,  of  loam  and  sUt.  Mortar  in  the 
proportion  of  one  part  of  cement  to  three  parts  of  the  sand,  shall 
develop  a  compressive  or  tensile  strength  at  least  equal  to  the 
strength  of  a  similar  mortar  of  the  same  age,  composed  of  the 
same  cement  and  standard  Ottawa  sand. 
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Sand  for  use  in  foundations,  culverts,  retaining  walls,  etc.  shall 
not  contain  more  than  8  per  cent,  of  loani  and  silt.  Mortar  in  the 
proportion  of  one  part  of  cement  to  three  parts  of  the  sand,  when 
tested  shall  develop  a  compressive  or  tensile  strength  of  at  least  80 
per  cent,  of  the  strength  of  a  similar  mortar  of  the  same  age>  com- 
posed of  the  same  cement  and  standard  Ottawa  sand. 

Screenings  if  substituted  wholly  or  in  part  for  the  above  sand, 
should  meet  the  following  requirements: 

They  shall  be  free  from  dust  coating  or  other  dirt.  100  per  cent, 
shall  pass  a  K"  screen  and  not  more  than  6  per  cent,  shall  pass  a  No. 
100  sieve.  Mortar  in  the  proportions  of  three  parts  of  the  screen- 
ings or  mixed  screenings  and  sand,  with  one  part  of  cement  shall 
develop  a  strength  equal  to  a  sand  for  which  it  is  to  be  substituted. 

The  best  and  safest  way  in  the  selection  of  a  concrete  sand  is  to 
have  a  fair  representative  sample  from  the  deposit  listed.  After  this 
is  found  to  meet  the  requirements,  it  is  necessary  to  have  constant 
and  careful  field  inspections  and  tests  made  as  the  deposit  is  worked. 

The  use  of  screenings  is  not  advisable  on  any  concrete  work, 
except  where  a  good  grade  of  sand  is  not  available.  When  used  the 
product  must  be  constantly  inspected  and  tested  as  it  is  likely  to 
vary  to  a  considerable  degree.  Screenings  from  the  softer  lime- 
stones should  hot  be  used  as  the  fine  material  is  apt  to  ^^ball"  in 
the  mixer. 

Sand  used  for  grout  in  brick  and  stone  block  pavement  must  be 
fine  enough  to  ensure  it  getting  between  the  joints  of  the  block,  but 
an  excessively  fine  sand  should  be  avoided  as  it  weakens  the  grout. 
Some  states  and  many  municipalities  require  the  grout  sand  to  pass 
a  No.  20  sieve  and  not  more  uian  30  per  cent,  pass  a  No.  100  sieve. 
Such  sand  should  not  contain  more  than  5  per  cent,  of  loam  and  silt. 

Coarse  Aggregate. — Coarse  aggregate  for  use  in  structural 
concrete  should  be  of  hard  durable  stone  gravel  or  blast  furnace 
slag  (see  table  of  tests)  free  from  coating  of  any  kind.  For  use  in 
concrete  pavement,  stone  and  gravel  should  be  hard,  tough  and 
absolutely  clean.  For  use  in  culverts,  retaining  walls,  etc.  stone, 
gravel  or  slag  should  be  of  sound,  unweathered  material,  clean  and 
free  from  coating.  It  should  not  contain  more  than  10  per  cent,  of 
soft  stone  or  shale.  Gravel  containing  a  large. percentage  of  thin 
flat  stone  should  not  be  used. 

For  reinforced  concrete  the  size  of  the  stone  is  usually  J^"  to 
i"  in  order  to  facilitate  the  compacting  of  the  concrete  between  the 
reinforcing  bars  or  mesh.  For  plain  concrete  a  mixed  size  is  used 
ranging  from  J^"  to  3K";  a  scientifically  graded  stone  reduces  the 
amount  of  mortar  required,  but  the  structures  in  road  work  are  so 
small  that  it  does  not  pay  to  attempt  to  reduce  the  voids  in  this 
manner  and  the  size  that  is  available  is  used,  var3dng  the  propor- 
tions of  mortar  to  get  a  dense  product.  For  extensive  concrete 
pavement  of  the  first  class  graded  sizes  are  feasible. 

The  use  of  slag  in  concrete  is  still  a  debatable  matter  but  if 
proven  to  be  reasonable  will  add  materially  to  the  source  of  concrete 
materials.  The  latest  available  tests  by  the  Pittsburgh  laboratory 
with  an  up  to  date  discussion  is  quoted  as  follows: 
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TESTS  OF  BLAST-FURNACE  SLAG  AS  COARSE 
AGGREGATE  IN  CONCRETE 

"[In  order  to  secure  definite  authoritative  data  on  the  use  of  blast- 
furnace slag  in  concrete,  a  number  of  leading  interests,  which  either  produce 
or  market  slag,  made  a  co-operative  arrangement  with  the  Pittsburgh  Test- 
ing Laboratory  of  Pittsburgh  to  conduct  a  series  of  experiments  and  tests 
that  wotild  extend  ultimately  over  a  period  of  five  years. 

"The  reports  of  these  tests  will  be  of  more  than  ordinary  value,  as  the 
care  involved  in  the  preparation  and  testing  of  the  specimens  made  the  tests 
more  expensive  than  would  ordinarily  be  undertaken  by  a  commercial  labo- 
ratory* and  the  results  are  such  as  can  be  obtained  oiUy  by  having  a  very 
carefuUy  oi^anized  research  department. 

"Recognizing  that  these  tests  are  of  the  utmost  value  to  engineers  in  ac- 
quainting them  with  the  performance  of  blast-furnace  slag  in  concrete  work, 
the  Manufacturers  Record  jmblishes  herewith  extracts  from  the  report  com- 
piled by  the  Pittsburgh  Testing  Laboratory. — Editor  Manufacturers  Record.  ] 

"  The  purpose  of  this  series  of  tests  was  to  furnish  information  relative  to 
the  use  of  concrete  materials,  as  follows: 

"(i)  A  comparison  of  the  crushing  strengths  of  air-cooled  blast-furnace 
slag,  crushed  stone  and  gravel  when  used  as  the  coarse  aggregate  in  concrete, 
tests  to  be  made  at  the  end  of  14,  30,  60  and  180  days,  i  year,  2  years,  3  years, 
4  years  and  s  years. 

"  (2)  To  determine  the  granulometric  analysis  of  the  material  as  received, 
together  with  other  physi^  characteristics. 

"  (3)  Determination  of  the  corrosive  tendency  of  sulphur  in  slag. 

"  (4)  Effect  of  sulphur  and  other  elements  on  the  durability  of  concrete 
up  to  the  age  of  five  years. 

"(^)  Relative  strength  and  durability  of  concrete  made  of  high  magnesia, 
low  lime  slag  and  low  magnesia  high  lime  slag. 

*'  The  materials  used  as  the  coarse  aggregates  in  these  tests  were  secured 
from  the  following  localities: 

P.  T.  L.  Mark 
Slag:  Cleveland    Macadam    Co.,    Cleveland,    Ohio    (from 
A.  S.  &  W.  Co.,  Central  Fur.,  Cleveland,  Ohio) 87410 


Slag:  Duquesne  Slag  Products  Co.,  Pittsburgh,  Pa.  (from 

C.  S<  Co.,  Duquesne,  Pa.,  slag  bank) 

Slag:  Carnegie    Steel    Co.,    Pittsburgh,    Pa.     (from    Ohio 


Works,  Youngstown,  Ohio) 87430 

Slag:  Northwestern  Iron  Co.,  Mayrille,  Wis 87440 

Slag:  Standard  Slag  Co.,  Youngstown,  Ohio  (from  S.  F.  Co., 

Sharpsyille.  Pa.) '. 87450 

Slag:  Cleveland  Macadam  Co.,  Cleveland,  Ohio  (from  C.  F. 

(5o.,  Cleveland,  Ohio) 87470 

Slag:  Birmingham  Slag  Co.,  Birihingham,  Ala.  (from  T.  C. 

&  L  Ry.  Co.,  Ensley,  Ala 87480 

Slag:  Duquesne  Slfig  Products  Co.,  Pittsburgh,  Pa.  (from 

E.  S.  Co.,  Pottstown,  Pa.) 87520 

Slag:  The  Prance  Slag  Co.,  Toledo,  Ohio  (from  T.  F.  Co., 

Toledo,  Ohio) 87530 

Gravel:  Allegheny  River,  from  Pittsburgh,  Pa 87460 

Trap  Rock:  from  Birdsboro,  Pa 87490 

Gravel:  from  Akron,  Ohio 87500 

Crushed  granite:  from  Stockbridge,  Ga 87510 

Limestone:  from  Gates  City,  Ala 87540 

Dolomitic  limestone:  Kelly  Island,  from  Cleveland,  Ohio...  87550 

It  did  not  seem  practicable  to  screen  the  fine  aggregate  and  recombine 
to  conform  to  Fuller's  curve,  or  to  use  a  combination  of  two  or  more  sands 
which  would  make  theoretically  the  best  fine  aggregate.  The  material 
selected  was  reasonably  well  graded,  and  the  same  sand  was  used  throughout 
the  series  of  tests,  the  whole  amount  being  secured  at  one  time  from  the  back 
channel  of  the  Ohio  River,  at  Neville  Island.  ,,     ,    .       „r    ,,        ^i_. 

"The  cement  used  was  Alpha  Portland,  from  Manheim,  W.  Va.  Tins 
brand  was  selected  by  lot,  being  drawn  from  a  list  of  several  standard  brands 
of  Portland  cement.    All  cement  was  purchased  at  the  same  time  and  sam- 
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pled  and  tested  before  the  prei^aration  of  concrete  test  specimens  was  begun. 
The  results  of  these  tests  are  included  in  the  report. 

"As  the  various  aggregates  were  received,  they  were  screened  through 
sieves  consisting  of  iron  plates  with  circular  holes  of  the  following  diameters: 
iK  inches,  i  inch,  ^inch,  H  inch  and  ^  inch. 

The  portions  retained  on  each  of  the  above  sieves  were  stored  separately 
and  labeled,  to  be  later  recombined  to  make  the  coarse  aggregate  used  in 
the  tests. 

"In  accordance  with  the  specifications,  the  coarse  aggregate  was  recom- 
bined to  conform  to  Puller's  curve.  Since  the  portion  en  Puller's  curve 
representing  coarse  aggregate  is  a  straight  line,  and  since  the  curve  is  re- 
ferred to  ordinates,  of  which  the  vertical  ordinate  is  divided  into  equal  parts, 
showing  percentages  by  weight,  and  the  abscissa  is  divided  into  equal  parts, 
representing  the  diameter  of  the  particles  in  inches,  it  follows  that  coarse 
aggregates,  when  so  recombined,  will  consist  of  equal  percentages  of  the  four 
U)  gradings,  which  increase  in  size  uniformly  from  yi  inch  to  i^  inches. 
All  aggrei|[ates,  therefore,  were  recombined  by  weijKhing  equal  quantities  of  the 
four  gradmgs  and  shoveling  them  together,  turning  them  until  thdir  appear- 
ance showed  them  to  be  thoroughly  mixed. 

"In  order  to  accurately  proportion  the  concrete,  the  weight  per  cubic  foot 
of  all  materials  was  detemuned.  Since  there  is  no  generally  accepted  method 
for  determining  the  weight  per  cubic  foot  of  concrete  materials,  one  was  used 
which  had  been  found  m  the  past  to  give  consistent  results.  A  cubic  foot 
measure  was  filled  loosely  with  either  sand  or  the  recombined  aggregate, 
after  which  the  measure  was  dropped  lo  times  on  a  felt  pad  one  inch  thick 
from  a  height  of  three  inches.  The  measure  was  again  filled  and  smoothed 
off  with  a  straight  edge  and  weighed.  The  average  of  lo  determinations 
was  taken  as  the  weight  per  cubic  foot  of  the  matenal  used.  The  variation 
of  the  individual  determinations  was  usually  within  five-tenths  of  i  per 
cent,  and  seldom  over  i  per  cent.  The  weight  per  cubic  foot  was  frequently 
redetermined,  to  take  into  account  any  drying  out  of  the  material.^  The 
weight  of  the  cement  per  cubic  foot  was  taken  at  lOO  poimds,  this  being  in 
accordance  with  the  generally  acceipted  figures  for  cement. 

"Void  determinations  were  made  on  the  various  aggregates  after  recom- 
bining.  Bach  coarse  aggregate  was  thoroughly  wet,  drained  and  a  cubic 
foot  measure  filled  and  weighed,  as  given  in  the  method  for  determining  the 
weight  per  cubic  foot.  Water  was  then  slowly  added  until  the  measure 
was  level  full.  From  the  increase  in  weight  the  percentage  of  voids  was 
computed. 

"it  was  not  possible  to  combine  the  sand  and  cement  with  the  slag,  gravel 
and  crushed  stone,  respectively,  to  strictly  conform  to  Puller's  curve  and 
still  have  tests  which  would  be  comparable  with  each  other  on  the  basis  of 
equ^  proportions  of  cement.  It  was,  therefore,  necessary  to  determine  the 
leanest  mixture  which  would  produce  a  dense  concrete  when  using  the  coarse 
aggregate  having  the  highest  percentage  of  voids,  and  then  using  this  mixture 
for  a^l  materials.  ^  By  this  method  the  same  quantity  of  cement  was  used 
to  make  ea6h  specimen,  and  the  test  data  shows  a  comparison  of  the  diffexent 
aggTM^ates  under  the  same  conditions. 

"The  proportions  for  the  mortar  were  determined  by  making  trial  mortars 
of  various  proportions  of  cement  and  sand  and  selecting  the  mixture  giving 
the  maximum  density  as  shown  by  increase  in  volume  of  the  resulting  mortar. 
After  numerous  tests,  the  proportions  of  x  part  cement  and  2  parts  sand 
were  found  to  most  nearly  fulfill  the  tests  for  maximum  density  of  tiie 
mortar. 

"The  coarse  aggregates  used  for  these  tests  varied  in  weight  per  cubic 
foot  from  64  to  104.5  pounds,  and  the  percentages  of  voids  from  a  minimum 
of  31.85  to  49.3  per  cent.  Since  the  percentage  of  voids  in  one  case  was  49. 
to  obtain  tne  maximum  density,  using  this  aggregate,  the  mixture  should 
be  almost  exactly  two  parts  of  mortar  and  four  of  coarse  aggregate;  this  pro- 
portion would  give  some  excess  mortar  in  all  of  the  other  cases. 

"The  ifact  that  a  1-3-4  mixture  is  one  which  is  very  commonly  used— «nd 
a  large  amount  of  data  may  be  found  for  comparison— was  an  additional 
reason  for  using  it  in  these  tests.  ^ 

"  These  proportions  by  volume  having  been  selected,  the  equivalent  weight 
each  of  the  materials  for  these  proportions  was  determined,  and  throughout 
the  series  of  tests  all  materials  were  weighed,  and  greater  accuracy  in  propor- 
tioning thus  obtained.  The  mixture,  however,  is  by  volume,  the  method  of 
weighing  being  used  only  to  insure  more  accurate  proportions. 
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**A  qtumtity  of  material  sufficient  to  make 
ten  (10)  cylinders  was  mixed  at  one  time,  the 
sand  b^ng  spread  in  a  flat  pile  and  the  cement 
placed  over  this.  The  two  materials  were 
turned  b]^  two  men  until  the  color  appeared 
to  be  uiuform,  [three  or  four  turnings  being 
required.  The  coarse  aggregate  was  then 
shoveled  on  this  material  and  the  whole 
turned  dry  three  times.  During  the  fourth 
turn  a  weighed  amount  of  water  was  added 
from  a  sprinkling  can  and  three  (3^  additional 
turnings  given  the  mixture.  During  the  last 
three  turnings  small  quantities  of  water  were 
added  as  needed  until  a  'quaking  consistency* 
was  obtained.  In  all  mixtures  an  attempt 
was  made  to  secure  the  same  consistency, 
regardless  of  the  amount  of  water  used.  For 
this  reason,  it  was  not  possible  to  use  a  me- 
chanical mixer,  as  the  quantity  of  water  is 
very  important,  and  in  mechamcal  mixing  the 
material  may  be  made  too  wet  and  the  whole 
batch  spoiled  for  laboratory  purposes.  It  is 
noteworthy  that  care  must  be  used  to  obtain 
the  correct  consistency,  and  that  the  addition 
of  I  pound  of  water  to  a  lo-specimen  mixture 
would  give  a  consistency  too  wet,  usually  de- 
scribed as  'mushy,'  and  the  results  of  the  tests 
would  be  unsatisfactory. 

"The  specimens  were  made  in  steel  molds  8 
inches  in  diameter  by  16  inches  high.  The 
concrete  was  poured  into  these  molds  in  layers 
A  inches  thick,  and  each  layer  tamped  thirty 
(30)  times  with  a  H-inch  round  rod.  After 
the  second  and  fourth  layers  the  sides  were 
spaded  with  a  large  trowel.  These  cylinders 
were  finally  finished  at  the  top  by  spading 
with  a  small  trowel  to  form  a  smooth  upper 
rim,  and  a  piece  of  plate-glass  placed  on  top 
to  form  a  smooth  surface.  Since  the  concrete 
would  settle  slightly  after  a  few  hours,  it  was 
necessary  to  cap  the  top  of  the  specimen  with 
plaster-of-Paris  and  cement  and  again  place 
the!  plate-glass  on  the  cap  to  make  a  smooth 
surface. } 

"The  specimens  were  kept  in  the  molds  for 
forty-eight  (48)  hours  and  then  stored  in  damp 
sand  for  thirty-five  (35)  days.  At  the  end  of 
this  time  all  specimens  were  removed  and 
stored  in  air.  Four  (4)  short  pieces  of  rein- 
forcing steel  were  embedded  in  each  of  two 
(2)  cyUnders  from  every  batch. 

"These  pieces  were  3i  6,  9  and  12  inches 
long,  and  were  cut  from  H  inch  twisted  rein- 
forcing bars  furnished  by  the  Carnegie  Steel 
Co.,  Duquesne  heat  No.  99439,  having  the 
following  chemical  analysis: 

Carbon 20 .0      per  cent. 

Manganese 45 -o      percent. 

Phosphorus o  .018  per  cent. 

Sulphur o .  046  per  cent. 

"  These  specimens  will  be  examined  at  the 
end  of  the  five-year  period  to  determine  the 
corrosive  action  of  the  aggregates. 

"  (i)  It  will  be  noted  that  one-half  of  the 
tests  of  the  slag  concrete  were  made  using 
slag  produced  by  the  quick-cooling  process,  in 
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Table  24. — Results  of  Physical  Tests 


Name  of  Material 
Used 
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14   Day  Tests 
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M      >^ 
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•d 
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Weight 

of 
Cylinder 
lb.     oz. 


ti.S 

■|J    CO 
e   ft 

o.S 


ii  C  to 

h»     I1    (H 

5  4J    © 

<Jco  ft 


Slag 

Cleveland 

Macadam  Co., 

Central  Furnace, 

Cleveland,  Ohio 

Slag 

Duquesne  Slag 

Products  Co. 

Duquesne,  Pa. 

^lag 

Carnegie  Steel  Co., 

Youngstown,  Ohio 

Slag 

Northwestern  Iron 

Co.,  Mayville,  Wis. 

Slag 

Standard  Slag  Co., 

Sharpsville,  Pa. 

Oravel 

Allegheny  River, 

Pittsburgh,  Pa. 

Cleveland 

Macadam  Co., 

Cleveland  Furnace 

Cleveland,  Ohio 

Slag 

Birmingham  Slag 

Co.,  Ensley,  Ala. 

Trap  Rock 

BirdsDoro,  Pa. 

Gravel 
Akron,  Ohio 

Crushed  Granite 
Stockbridge,  Ga. 

Slag 
Duquesne  Slag 
Products  Co., 
Pottstown,  Pa. 

Slag 

Prance  Slag  Co., 

East  Toledo.  Ohio 

Limestone 
Gates  City,  Ala. 

Dolomitic 

Limestone 

Kelly's  Island, 

Cleveland,  Ohio 


66.5 

49.2 

99.35 

78.S 

42.74 

96.70 

79-3 

43.IS 

97.10 

64.S 

45.87 

86.10 

7S.O 

41.53 

92.40 

104.5 

31.85 

80.2S 

64.0 

46.77 

lOO.O 

83.8 

42.00 

98.40 

98.7 

41.93 

96.80 

95-0 

35.9 

99.40 

90.0 

42.34 

97.40 

73.7s 

4355 

98.62 

81.7s 

42.S 

90.9 

94.87 

40.33 

1 00.0 

94.11 

38.71 

lOO.O 

83.70 


83.70 


84.10 


65.20 


69.10 


68.38 


88.50 


48.20 


61.40 


16.10 


32.80 


41.30 11.50 


37.30 19.00 


40.30 


50.68 


57.20 


17.80 


30.21 


14.50 


82.8048.7015.70 


87.1062.80  21.10 


88.2060.30,25.20 


84.30.53.50,25.00 


90.2070.0236.09 


64.90 


98.90 


96.0 


39.SO 


83.30 


47.00 


29.00 


43.40 


IX.5O 


9 

62 

8 

1897 

2.40118 

62 

10 

1998 

29 

63 

3 

1928 

■ 

9 

65 

10 

2212 

3.S0 

18 

65 

13 

2318 

28 

65 

8 

1946 

9 

65 

4 

2346 

3.50 

18 

64 

10 

2128 

27 

65 

4 

1928 

2 

62 

12 

2238 

1.60 

12 

62 

12 

2141 

22 

63 

4 

2238 

2 

65 

14 

2477 

3.50 

12 

65 

3 

2380 

28 

64 

14 

2594 

2 

69 

2 

2045 

9.4s 

12 

68 

13 

2093 

22 

68 

II 

2000 

2 

62 

4 

2387 

4.10 

12 

62 

4 

2237 

22 

61 

II 

2146 

2 

66 

13 

2043 

2.90 

10 

66 

00 

2160 

21 

66 

10 

2126 

2 

72 

8 

2109 

2.00 

12 

73 

I 

20S3 

22 

72 

3 

2026 

2 

68 

00 

1793 

3.26 

12 

68 

7 

1800 

22 

67 

10 

1792 

II 

69 

00 

1980 

S.oo 

21 

68 

00 

2178 

22 

69 

8 

2208 

I 

63 

00 

2151 

3.60,12 

64 

00 

2167 

22 

63 

00 

2244 

2 

65 

13 

1918 

20.0012 

66 

14 

1856 

21 

6(>, 

10 

2051 

I 

69 

8 

1670 

6.00 

6 

69 

8 

1750 

7 

71 

0 

1720 

4 

69 

II 

1830 

3.20 

13 

69 

7 

1814 

23 

69 

0 

1769 

I94I 

2159 

2134 
2206 

2484 
2046 

2257 

2109 
2063 
1 795 
2122 
2187 

1942 
1 7 13 
1804 


NoTB.'^— Above  tests  carry  Pittsburgh  Testing  Laboratory  numbers  in  consecutive 
87500,  87S10,  87520,  87530,  87540,  87550. 
Compression  tests  made  using  8''  X  16"  cylinders,  1-2-4  Mix — Alpha  cement 
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OF  Slag,  Stone,  and  Gravel  Used  in  Concrete 


30  Day  Tests 
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27 
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II 
20 

I 
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21 
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II 
21 

I 
12 
22 
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II 
21 
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22 

3 
ID 

23 

I 
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63 
63 
62 


66 

64 
6S 
6S 
64 
64 
63 
62 
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6S 
65 
65 
68 
68 
68 

62 
61 
62 

66 
66 
67 

72 

73 
72 
66 
67 
67 
69 
68 

69 
64 
63 
63 

66 

65 
66 

69 
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69 
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2562 
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2761 
2640 
2630 
2688 
3127 
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3100 
2608 

2514 
2409 

2810 

3057 
2666 

2660 
2800 
2796 
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2330 

2374 
2040 
2040 

2153 
2230 

2334 
2313 
2738 
2600 
2613 

2527 
2402 
2680 
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2030 

2269 
2442 
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2386 
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12 

63 
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3288 

24 
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25 
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9 

72 

6 

341 1 

IS 

72 

12 

3416 

3360 

20 

72 

8 

3256 

8 

67 

12 

2756 

16 

68 

2 

2378 

2554 

28 
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3 
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16 
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5 
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8 
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14 
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16 
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17 

69 

12 
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22 

70 

12 

3462 

» 

7 
16 

25 
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I 
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3 
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15 

14 

9 
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3740 
3958 
3560 
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4464 

4200 
3880 
4130 
4452 
4146 
4268 
4512 
4906 

4678 
4824 

4200 

3816 
3892 

4588 

4422 
4172 

4432 
4460 
4460 

4814 
4738 
4906 
3636 
3840 
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4190 
4016 
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4210 
4203 
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4130 
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4030 
3936 
4636 
3814 

4640 
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4315 
4154 
4309 
4803 
3969 

4394 

445 1 

4819 
3627 

4151 
4184 

4164 
4127 

4724 


order  as  follows:  87410,  87420,  87430,  87440,  87450.  87460,  87470,  87480,  87490, 
■Alected  br  lot.     Ohio  River  sand.     Large  aggregates  as  shown  above.  ^^^ 
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pits,  in  which  the  slag  is  shipped  within  a  few  days  from  the  time  it  comes 
from  the  furnace,  and  the  remainder  from  slag  which  had  been  seasoned  in 
banks  for  a  period  of  six  months  in  some  cases  and  as  much  as  15  years  in 
one  case. 

"  (3)  The  lengrth  of  time  during  which  this  series  of  tests  has  been  con- 
ducted does  not  warrant  the  drawing  of  any  definite  conclusions,  but  the 
general  uniformity  of  the  results  of  the  crushing  tests  of  the  concrete  should 
be  observed. 

*'  (3)  Slags  coming  from  furnaces  many  hundred  miles  apart,  varjdng 
quite  widely  in  chemical  analyses,  and  also  vaiying  considerably  in  the 
weight  i)er  cubic  foot,  do  not  vary  in  strength  m  proportion  to  either  the 
weight  or  percentage  of  any  chemical  constituent. 

Since  the  following  tests  were  published  the  one-year  test 
has  been  completed,  and  in  reporting  on  these  the  Httsburgh 
Testing  Laboratory  states:* 

*'In  most  cases  the  specimens  show  a  considerable  increase  in  strength 
over  those  tested  at  the  age  of  180  days,  but  in  some  cases  the  increase  is 
very  slight.  Discussion  of  these  tests  will  be  withheld  until  the  end  of  the 
two  or  three-year  tests,  but  the  discussion  of  results  furnished  with  the  180- 
day  tests  still  holds  true  for  these  tests.  In  some  instances,  as  will  be  noted, 
an  exceptionally  high  compressive  strength  has  been  developed  at  the  age 
of  one  year. 

Water. — ^The  following  quotation  from  the  Concrete  Highway 
Magazine  of  May,  191 8,  by  Duff  A.  Abrams  shows  the  effect  of 
excessive  water  on  the  strength  of  concrete.  It  should  be  borne  in 
mind  that  this  represents  the  laboratory  point  of  view  but  shows 
very  forcibly  that  excess  water  is  injurious. 

**  It  is  commonly  stated  that  concrete  is  composed  of  a  mixture 
of  cement,  sand  and  pebbles  or  crushed  stones.  This  conception 
of  concrete  overlooks  one  essential  element  of  the  mixture;  namely, 
water.  An  exact  statement  of  the  ingredients  of  concrete  would  be: 
Cement,  aggregate,  and  water.  The  last-named  material  has  not 
yet  received  proper  consideration  in  tests  of  concrete  or  in  specifica- 
tions for  concrete  work. 

**  Early  users  of  concrete  centered  their  entire  attention  on  the 
quality  of  the  cement,  and  practically  disregarded  the  characteristics 
of  the  other  ingredients.  During  the  past  dozen  years  some  atten- 
tion has  been  given  to  the  importance  of  the  aggregate,  but  it 
is  only  recently  that  we  have  learned  that  the  water  also  requires* 
consideration. 

"A  great  deal  has  been  said  and  written  recently  concerning  the 
effect  of  water  on  the  strength  and  other  properties  of  concrete, 
but  the  full  significance  of  this  ingredient  of  concrete  has  not 
heretofore  been  pointed  out.  A  discussion  which  appeared  in  the 
April,  191 7,  issue  of  the  Concrete  Highway  Magazine  gave 
a  brief  review  of  results  of  some  of  the  experimental  work  carried  out 
along  this  line  at  the  Structural  Materials  Research  Laboratory, 
Lewis  Institute,  Chicago  The  relation  between  the  water  content 
and  the  compressive  strength  of  the  concrete  for  a  wide  range  of  con- 
sistencies was  there  pointed  out  ancl  emphasis  was  placed  on  the 
injurious  effect  of  too  much  water. 

**  Tests  made  in  studies  of  the  effect  of  size  and  grading  of  ag- 
gregates have  shown  that  the  only  reason  that  concrete  of  higher 
strength  and  durability  can  be  produced  from  well-graded  aggregate 
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as  compared  with  a  poorly  graded  aggregate  is  that  the  former  can 
be  mixed  with  less  water.  If  this  is  not  done  no  advantage  is  gained 
from  using  a  coarse,  well  graded  aggregate.  The  following  dis- 
cussion shows  that  a  similar  conclusion  can  now  be  stated  with 
reference  to  a  rich  concrete  mix  as  compared  with  a  lean  one. 

**  While  the  injurious  effects  of  too  much  water  in  concrete  are 
apparent,  tests  made  in  this  laboratory  show  that  the  truly  funda- 
mental rdle  played  by  water  in  concrete  mixtures  has  been  entirely 
overlooked  in  previous  discussions  of  this  subject.  The  relation 
referred  to  above  is  brought  out  by  a  series  of  compression  tests 
of  about  1600  6  by  12-in.  concrete  cylinders  made  up  as  follows: 


Mix 

Range  of  Sizes  of 

Consistency 

Cement- Aggregate 

Aggregates 

I-  9 
I-  5 

I-  3 
I-  2 

I-  I 
Neat 

► 

■ 

f  0-14-mesh  sieve  1 
0-  4-mesh  sieve 
O-I  ^-inch 
O-I  j2-inch 
0-2     -inch 

» 

r  7  different  con- 
1  sistenciesfor 
1  each    mix    and 
[  aggregate 

IC 


The  mixes  used  covered  a  wide  range,  as  did  also  the  grading 
of  aggregate  and  consistency.  The  aggregates  consisted  of  two 
sizes  of  sand  and  mixtures  of  sand  and  pebbles  graded  to  the  sizes 
shown.  The  mix  is  expressed  in  terms  of  volumes  of  dry  cement 
and  aggregate,  regardless  of  grading;  i,e.,  a  i  :  5  mix  is  made  up 
of  I  cu.  ft.  cement  (i  sack)  and  5  cu.  ft.  of  aggregate  as  used, 
whether  a  sand  or  a  coarse  concrete  mixture. 

"  This  series  gives  valuable  information  on  the  effect  of  changing 
the  quantity  of  cement,  the  size  of  the  aggregate  and  the  quantity 
of  water.  The  effect  of  many  different  combinations  of  these 
variables  can  be  studied.  One  set  of  relations  gives  the  effect 
of  amount  of  cement  using  aggregates  of  different  size  and  grading; 
another  set  of  relations  gives  the  effect  of  different  quantities  of 
water,  varying  both  mix  and  size  of  aggregate,  etc.  In  all  respects 
these  tests  bear  out  the  indications  of  both  earlier  and  later  series. 
These  tests  are  of  interest  in  that  they  reveal  for  the  first  time  the 
true  relation  between  the  strength  and  the  proportions  of  the  con- 
stituent materials  in  concrete. 

**  The  figure  shows  the  relation  between  the  compressive  strength 
and  the  water  content  for  the  28-day  tests.  The  water  content 
of  the  concrete  has  been  expressed  as  a  ratio  of  the  volume 
of  cement,  considering  that  the  cement  weighs  94  lb.  per  cu.  ft. 
Distinguishing  marks  are  used  for  each  mix,  but  no  distinction 
is  made  between  aggregates  of  different  size  or  different  consistencies. 

**  When  the  compressive  strength  is  platted  against  the  water  in 


264 


MATERIALS 


this  way,  a  smooth  curve  is  obtained,  due  to  the  overlapping 
of  the  points  for  different  mixes.  Values  from  dry  concretes  have 
been  omitted.  If  these  were  used  we  should  obtain  a  series  of 
curves  dropping  downward  and  to  the  left  from  the  curve  shown. 
It  is  seen  at  once  that  the  size  and  grading  of  the  aggregate  and 
the  quantity  of  cement  are  no  longer  of  any  importance  except 
in  so  far  as  these  factors  influence  the  quantity  of  water  required 
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to  produce  a  workable  mix.  This  gives  us  an  entirely  new  con- 
ception of  the  function  of  the  constituent  materials  entering  into  a 
concrete  mix  and  is  the  most  basic  principle  which  has  been  dis- 
covered in  our  studies  of  concrete. 

The  equation  of  the  curve  is  of  the  form, 


<« 


S  = 


B' 


(i) 


where  S  is  the  compressive  strength  of  concrete  and  x  is  the  ratio 
of  the  volume  of  water  to  the  volume  of  cement  in  the  batch.  A 
and  B  are  constants  whose  values  depend  on  the  quality  of  the 
cement  used,  the  age  of  the  concrete,  curing  conditions,  etc. 

**  This  equation  expresses  the  law  of  strength  of  concrete  so  far  as 
the  proportions  of  materials  are  concemea.  It  is  seen  that  for 
given  concrete  materials  the  strength  depends  on  only  one  factor — 
the  ratio  of  water  to  cement.  Equations  which  have  been  pro- 
posed for  this  purpose  contain  terms  which  take  into  accoimt  such 
factors  as  quantity  of  cement,  proportions  of  fine  and  coarse 
Siggregsite,  voids  in  aggregate,  etc.,  but  they  have  uniformly  omitted 
the  only  item  which  is  of  any  importance;  that  is,  the  water. 

"  For  the  conditions  of  these  tests,  equation  (i)  becomes, 
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**  The  relation  given  above  holds  so  long  as  the  concrete  is  not  too 
dry  for  maximum  strength  and  the  aggregate  not  too  coarse  for 
a  given  quantity  of  cement;  in  other  words,  so  long  as  we  have  a 
workable  mix. 

**  Other  tests  made  in  this  laboratory  have  shown  that  the  charac- 
ter of  the  aggregate  makes  little  difference  so  long  as  it  is  clean  and 
not  structurally  deficient.  The  absorption  of  the  aggregate  must 
be  taken  into  account  if  comparison  is  being  made  of  different 
aggregates. 

In  certain  instances  a  1-9  mix  is  as  strong  as  a  x-2  mix,  depending 
only  on  the  water  content.  The  strength  of  the  concrete  responds 
to  changes  in  water,  regardless  of  the  reason  for  these  changes. 

"It  should  not  be  concluded  that  these  tests  indicate  that  lean 
mixes  can  be  substituted  for  richer  ones  without  limit.  We  are 
always  limited  by  the  necessity  of  using  sufficient  water  to  secure 
a  workable  mix.  So  in  the  case  of  the  grading  of  aggregates.  The 
workability  of  the  mix  will  in[all  cases  dictate  the  minimum  Quantity 
of  water  that  can  be  used.  The  importance  of  the  workability 
factor  in  concrete  is  therefore  brought  out  in  its  true  relation. 

''The  reason  a  rich  mix  gives  higher  strength  than  a  lean  one  is 
that  a  workable  concrete  can  be  produced  by  a  quantity  of  water 
which  gives  a  lower  ratio  of  water  to  cement.  If  an  excess  of  water 
is  used  we  are  simply  wasting  cement.  Rich  mixes  and  coarse,  well- 
graded  aggregates,  are  as  necessary  as  ever,  but  we  now  know  just 
how  these  factors  affect  the  strength  of  the  concrete. 

"  Practical  use  may  be  made  of  the  curve  in  estimating  the  rela- 
tive strength  of  concretes  in  which  the  water  content  is  different  for 
any  reason.  For  example,  a  concrete  mixed  with  7.5  gallons  of 
water  (i  cu.  ft.)  to  one  sack  of  cement  (allowance  being  made  for 
absorption  of  aggregate)  gave  a  strength  in  this  series  of  2000  lb. 
per  sq.  in.  (x  =  i.oo).  For  x=so.8o  (6  gal.  of  water  per  sack  of 
cement)  we  have  3000  lb.  per  sq.  in.;  for  x=o.75  {5.6  gal.)  3300 
lb.  per  sq.  in.  Concrete  in  a  1-4  mix  (same  as  the  usual  1-2-3  ^^ 
witn  a  coarse  sand)  should  be  mixed  with  sH  to  6  gal.  of  water  per 
sack  of  cement. 

"  The  importance  of  any  method  of  mixing,  handling,  placing  and 
finishing  concrete  which  will  enable  the  work  to  be  done  with  a  mini- 
mum of  water  is  at  once  apparent.  It  now  seems  that  practically 
all  faulty  concrete  work  can  be  traced  to  the  use  of  too  much  water. 

**  Laboratory  research  performs  its  true  function  when  it  uncovers 
basic  principles  which  have  not  been  revealed  by  experience  in 
construction,  or  observation  of  completed  work." 


PART  II 

PRACTICE  OF  SURVEY,  DESIGN  AND 

CONSTRUCTION 

CHAPTER  X 

PRELIMINARY  INVESTIGATIONS 

As  stated  in  the  introduction  the  object  of  all  preliminary  in- 
vestigation, either  of  new  locations  in  unsettled  districts  or  of 
high  type  pavement  improvements  in  populous  sections,  is  to  se- 
cure data  on  which  a  reasonable  program  of  work  can  be  based. 
Work  of  this  kind  should  be  done  ocJy  by  experienced  highway 
engineers  as  reliable  results  depend  largely  on  the  judgment  of 
engineer  which  must  be  based  on  actual  design  and  construction 
experience  under  conditions  similar  to  those  investigated.  As  a 
rule  this  portion  of  the  engineering  program  is  carelessly  done  due  to 
hesitation  in  spending  money  before  a  project  is  assured  but  this 
policy  is  short  sighted  as  there  is  no  part  of  the  work  which  is  more 
important. 

The  cost  of  first*class  investigations  of  this  kind  range  trom 
$3.00  to  $40.00  per  mile.  A  cost  of  $5.00  to  $10.00  per  mile  is  a 
fair  average  for  long  mountain  road  projects  similar  in  character 
to  the  work  being  done  by  the  U.  S.  Office  of  Public  Roads  in  iJic 
west  and  a  cost  of  $5.00  to  $15.00  per  mile  for  high  type  road  re- 
ports in  the  eastern  states.  Reconnaissance  surveys  in  heavily 
timbered  regions  may  cost  as  high  as  $40.00  per  mile. 

HIGH  TYPE  ROAD  INVESTIGATIONS  IN  WELL- 
SETTLED  DISTRICTS 

The  improvement  generally  consists  of  betterments  to  an  existing 
road  the  location  of  which  is  fixed  by  existing  rights-of-way.  The 
choice  of  which  road  to  improve  is  made  by  local  boards  or  the 
State  Highway  Commissioner  so  that  when  the  problem  reaches  the 
field  engineer  his  work  is  confined  to  a  definite  engineering  report 
on  a  definite  road. 

The  field  work  and  report  deal  with  the  following  main  features. 

1.  Probable  Traffic. — This  forms  the  basis  of  decision  as  to  general 
type  (rigid  or  flexible)  and  the  width  of  pavement  (single  or  double 
track). 

2.  Local  Materials, — This  forms  the  basjs  for  decision  as  to  the 
most  economical  type  of  pavement  of  the  general  class  required. 

3.  Cost  Estimate, — This  forms  the  basis  of  appropriations  for 
survey,  design,  and  construction  and  indicates  the  mileage  that 
can  be  completed  with  the  funds  at  hand. 
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Field  Woik. — In  any  district  the  volume  of  traffic  is  entirely 
a  matter  of  judgment*  A  traffic  census  can  be  taken  but  is  of  little 
value  as  the  improvement  of  a  road  changes  the  amount  and  class 
of  travel.  The  most  reliable  basis  for  decision  is  a  study  of  the  map 
of  the  locality  and  inquires  of  local  residents  to  determine  the 
probable  routes  of  travel  for  farm  traffic  to  markets  or  shipping 
points,  for  long  distance  truck  traffic,  and  the  location  of  summer  re- 
sorts in  relation  to  the  improvement,  etc.  These  considerations 
applied  in  a  comparative  way  to  previously  built  roads  of  different 
types  serving  districts  of  practically  the  same  general  character 
form  the  only  reasonable  basis  for  the  selection  of  general  type  and 
width.  See  Chapter  VI  for  traffic  classification  and  the  principles 
of  general  selection  of  type.  See  sample  preliminary  report 
page  274  for  an  example  of  this  part  of  the  work.  See  page  329 
for  traffic  notes. 

Local  Materials  (Field  Work). — ^The  investigation  for  local 
material  is  very  important.  Careless  work  in  this  particular 
results  in  sp>ecifying  impracticable  or  needlessly  expensive  sources 
of  supply  for  materials  and  often  in  the  selection  of  an  .unreasonable 
type  of  construction.  A  careless  estimate  of  the  quantity  of  avail- 
able local  material  also  causes  trouble  during  construction  by  a 
shortage  in  supply. 

It  is  important  not  only  to  determine  the  amount  of  local  material 
but  also  its  character  as  for  example  a  local  gravel  may  be  suitable 
for  a  first-class  bottom  for  macadam  construction  but  not  suitable 
for  a  concrete  pavement,  or  it  may  be  suitable  for  a  concrete  paving 
base  but  not  for  a  concrete  road  taking  the  traffic  directly.  A 
local  hard  sandstone  may  be  suitable  when  bound  with  bitumen  and 
would  not  act  well  if  waterbound  with  its  own  screenings,  etc. 
The  necessary  properties  of  stones,  gravels,  sands,  etc.,  are  given  in 
the  Chapter  on  Materials,  and  in  Specifications. 

Any  preliminary  report  should  cover  the  sources  of  supply  and 
approx.  cost  at  pit  or  switch  of  the  following  materials: 


Gravels. — Suitable  for. 


Stone,  Slag,   Etc — Suitable  for 


Bottom  courses. 

Top  courses. 

Structural  concrete. 

First-class  concrete  pavement. 

Concrete  paving  base. 

Sub-base  filler. 

Sub-base. 

Bottom  course. 

Waterbound  macadam  top. 

Bituminous  macadam  pave- 
ment. 

First-class  concrete  pave- 
ment. 

Concrete  paving  base. 

Structural  concrete. 
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id. — Suitable  for. . 


Bottom  course  filler. 
Cushion  sand. 
Structural  concrete  sand. 
First-dass    coDCTete    paving 

Fine    and    coarse    sand    for 

sheet  asphalt. 
Bitumens. 
Tare. 

Paving  brick. 
Stone  block. 
Asphalt  block. 
Wood  block. 
Stone  or  brick  cubes. 
Location  and  quality. 


DnhMulina  Points  for  f^cei^iL— Ptovide^l  U.  S.  geological  maps 
are  obtainable,  the  position  o{  sidings  may  be  marked  on  the 
sheets.  The  notes  for  each  siding  show  its  car  capacity:  whethei 
or  not  an  elevator  plant  can  be  erected,  and  if  hand  unloading  is 
necessary  whether  teams  can  approach  from  one  side  or  two. 
They  should  also  show  any  coal  trestle  that  can  be  utilized  in  un< 
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loading  and  the  location  and  probable  cost  of  any  new  sidings 
that  will  materially  reduce  the  length  of  the  haul.  Canal  or  river 
unloading  points  are  shown  in  the  same  manner. 

Sand,  Gfav«l  and  Filler  MateriaL — The  position  of  sand  and 
gravel  pits  and  filler  material  are  noted  with  their  cost  at  the  pit; 
if  no  local  material  is  available  the  cost,  f .o.b.  at  the  nearest  sicung 
is  given.    Samples  are  taken  and  tests  made. 

Stone  Supply. — Provided  imported  stone  is  to  be  used  the  work 
is  simplified  to  determining  the  rate,  f.o.b.  to  the  various  sidings 
for  the  product  of  the  nearest  commercial  stone-crushing  plant 
that  produces  a  proper  grade  of  stone. 

In  case  local  stone  is  available  the  location  of  the  quarries  or 
outcrops  is  shown;  the  amount  of  stripping,  if  any,  and  the  cost 
of  quarry  rights.  If  the  estimate  will  depend  upon  rock  owned 
by  a  single  person  an  option  is  obtained  to  prevent  an  exorbitant 
raise  in  price. 

In  case  of  field  or  fence  stone  a  careful  estimate  is  made  of  the 
number  of  yards  of  boulder  stone  available,  the  owners'  names, 
what  they  will  charge  for  it,  the  position  of  the  fences  or  piles 
relative  to  the  road,  or  side  roads,  and  if  the  fences  are  not  abutting 
on  a  road  or  lane  the  length  of  haul  through  fields  to  the  nearest 
road  or  lane.  As  fences  are  usually  a  mixture  of  different  kinds 
of  rock,  the  engineer  estimates  the  percentage  of  granite,  limestone, 
sandstone,  etc.,  and  the  percentage  that  will  have  to  be  blasted 
or  sledged  in  order  to  be  crushed  by  an  ordinary  portable  crusher. 
The  amount  of  field  stone  required  per  cubic  yard  of  macadam 
is  given  in  estimates,  page  593.  If  there  is  a  large  excess  of  stone  a 
caief  ul  estimate  need  not  be  made,  only  enough  data  being  collected 
to  determine  the  probable  position  of  the  crusher  set-ups  and  the 
average  haul  to  each  set-up.  If  a  sufiident  supply  is  doubtful 
a  close  estimate  is  made  as  outlined  above,  and  options  obtained  from 
the  various  owners. 

Samples  of  the  different  rocks  are  tested  (see  ''Materials"). 

Simple  field  tests  can  be  made  but  if  the  department  has  a  testing 
laboratory  it  is  better  to  take  samples  and  have  a  careful  test  made 
and  recorded.  As  these  tests  are  made  the  location  of  the  sample 
and  result  of  the  tests  are  recorded  on  a  large  map  of  the  district 
which  in  the  course  of  a  few  years  shows  at  a  glance  the  different 
sources  of  supply  of  acceptable  materials  for  the  entire  county 
or  State  and  saves  future  duplication  of  work  for  reconstruction, 
maintenance  and  adjacent  improvements. 

Hie  method  of  sampling  and  the  amounts  of  material  required 
for  a  good  test  are  quoted  below  from  the  New  York  State  Instruc- 
tions for  Sampling  Jilaterials. 

SAMPUN6 

Samples  of  material  will  be  taken  by  a  duly  authorized  emplojree  of  the 
Department,  in  its  place  of  occurrence  or  manufacture  or  delivery  by 
carrier.  These  samples  must  be  taken  from  different  parts  of  the  lot  of 
material  to  be  tested,  so  as  to  be  fairly  representative,  and  must  be  unmixed 
with  foreign  substances  and  placed  in  clean  and  safe  receptacles;  and  they 
must  conrorm  in  alt  respects  to  the  requirements  given  under  the  special 
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headinjss.  They  must  be  carefully  and  securely  packed,  enclosing  notifica- 
tion slip  properly  protected  from  wear  and  injury,  and  sent  by  express 
**  collect  to  the  *'  Bureau  of  Tests,  State  Highway  Commission,  Albanyt 
N.  Y.'!  a  postal  card  notice  being  mailed  at  the  same  time.  Envelopes, 
scoops,  cans,  thermometers,  etc.,  for  use  in  taJkihg  the  samples,  may  be 
had  from  the  Bureau  of  Finance  and  Audit  at  Albany. 

In  the  case  of  materials  sampled  at  place  of  manufacture,  check  samples 
may  be  required;  these  are  to  be  taken  and  treated  the  san;>e  as  ordinary 
samples,  except  that  the  packages  must  be  marked  "Check  Samples," 
and  the  use  of  the  material  needed  not  be  prohibited  pending  the  results  of 
the  check  tests. 

Sand  and  Gravel. — The  character  of  the  supply,  whether  from  stream 
bed,  bank,  cruder  bins,  etc.,  is  to  be  stated;  also  the  use  for  which  it  is 
intended,  whether  for  concrete  foundations  or  other  structures,  binder 
for  waterbound  macadam,  filler  or  wearing  carpet  or  blotter  for  bituminous 
macadam,  or  for  ag^egate  in  waterbound  or  bituminous  macadam,  etc. 

Material  which  will  all  pass  through  a  H  in.  screen  wiU  be  considered 
sand.  Each  sample  of  sand  or  screenings  shall  be  %  cu.  ft.  in  volume;  of 
gravel  i}4  cu.  ft. 

A  small  sample  shall  be  taken  from  each  test  sample  sent,  and  be  kept 
on  the  contract  as  a  measure  of  the  quality  of  material. 

Each  sampde  is  to  be  shipped  in  a  tight  box  or  in  a  clean,  closely  woven 
bag  from  which  there  will  be  no  leakage;  the  usual  identification  slip  is  to 
be  enclosed.  ^  In  numbering  samples,  sand  and  gravel  are  to  be  treated 
as  one  material,  not  as  two. 

Notification  of  acceptance  or  rejection  may  be  expected  to  arrive  at  the 
Division  ofiice  twentv  days  after  the  submission  of  the  samples  and  data, 
providing  the  need  of  a  retest  does  not  cause  delay. 

Cement. — One  sample  is  to-be  taken  from  at  least  every  ten  barrels  or 
every  forty  bags,  care  being  taken  to  properly  distribute  the  sampling  over 
the  lot.  £ach  sample  shall  be  not  less  than  27  cu.  in.  in  volume  or  enough 
to  fill  a  3  in.  cube.  Whenever  possible,  samples  should  be  forwarded  m 
envelopes  furnished  by  the  Commission  for  that  purpose*  the  ^ivelopes 
being  filled  to  the  line  marked  thereon. 

The  individual  samples  are  not  to  be  numbered,  but  each  group  or  lot 
of  these  samples  representing  a  single  boat  load  or  car  load  is  to  be  given  a 
lot  number,  and  these  lot  numbers  are  to  run  consecutively.  Not  more 
than  one  boat  load  or  car  load  is  to  be  represented  by  one  lot  number. 

Receipt  of  notification  of  acceptance  or  rejection  of  cement  sampled  at 
destination  may  be  expected  to  arrive  at  the  Division'  Engineer*s  office 
twelve  days  after  the  «ubmis»on  of  the  samples  and  data.  If  cement  is 
held  for  twenty-eight  day  tests  the  Division  Engineer  will  be  notified 
accordingly. 

•  Concrete. — The  concrete  on  each  highway  must  be  sampled  for  testing, 
the  samples  being  taken  at  rand  om  from  the  batches  used  and  being  molded 
at  the  place  and  time  of  mixing.  The  work  need  not  be  delayed  pending  the 
results  of  the  tests. 

Bach  sample  shall  be  a  pair  of 'cubes  measuring  6  in.  on  the  edge  or  of 
cylinders  8  in.  in  diameter  and  16  in.  long;  the  sample  is  to  be  made  in  such 
manner  as  to  fairly  represent  the  concrete  going  into  the  structure.  ^  At 
least  one  sample  is  to  be  taken,  and  as  many  more  as  seem  to  be  required 
by  changes  in  the  character  of  any  ingredient  or  by  any  other  consideration. 

In  concrete  pavement  work  (whether  foundation  or  top  course)  one  pair 
of  cubes  or  cylinders  should  be  sent  for  every  500  cubic  yards.  Not  less 
than  two  pairs  are  to  be  sent,  however  small  the  pavement. 

The  sample  must  remain  in  the  mold  two  day^.  then  be  buried  in  clean 
sand  to  age  under  the  same  conditions  as  the  material  in  the  structure. 
On  the  twenty-first  day  the  samples  shall  be  taken  out  and  shipped. 

Each  sample  is  to  have  its  number  painted  on  ea^  piece,  and  is  to  be 
shipped  in  a  box,  properly  protected  from  breakage  and  surface  chipping, 
accompanied  by  the  usual  included  identification  slip  and  the  posted  notifi- 
cation. ^  Especially  must  the  class  of  concrete,  the  purpose  for  which  it  is 
used  (kmd  of  structure  and  portion),  and  the  date  and  time  of  day  when 
sample  was  mixed,  be  stated. 

BitttminoQS  Material. — When  material  is  shipped  in  barrels  one  sample 
is  to  be  taken  for  every  twenty  or  twenty-five  barrels,  the  sampling  being 
properly  distributed  over  the  lot. 

When  material  is  shipped  in  tank  cars  one  sample  is  to  be  taken  from 
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every  3000  or  2500  gallons,  the  samples  being  taken  from    equally    dis- 
tributed levels  in  the  car. 

When  mineral  bitumen  is  8hipx)ed  in  loose  bulk,  one  sample  is  to  be  taken 
for  every  five  or  six  tons,  the  samples  being  taken  from  different  levels  and 
different  locations  in  the  lot  and  never  from  the  surface  of  the  material. 

Bach  sample  shall  be  not  less  than  14  cu.  in.  in  volume,  which  volume  is 
slightly  less  than  one-half  pine  or  about  the  size  of  a  one  pound  paint  can. 

It  should  be  remembered  that  the  bituminous  material  wiU  flow  at  summer 
temperature  or  thereabouts,  and  consequently  great  care  ^ould  be  used  in 
sealmg  cans  and  doing  up  packages.  Whenever  possible,  samples  should 
be  forwarded  in  the  cans  furnished  by  the  Commission  for  the  purpose. 

The  individual  samples  are  not  to  be  numbered,  but  each  group  or  lot 
representing  a  single  boat  load  or  car  load  is  to  be  given  a  lot  number,  and 
these  lot  numbers  are  to  run  consecutively:  not  more  than  one  boat  load 
or  car  load  of  material  is  to  be  represented  by  one  lot  number. 

In  order  to  check  the  weighing  and  marking  of  bituminous  material 
shipped  in  barrels,  one  unopened  barrel  out  of  every  car  load  of  approxi- 
mately 65  barrels,  or  a  proportionate  number  of  barrels  for  each  boat  load, 
is  to  be  selected  at  random  and  weighed.  The  gross  weight  found,  and  the 
gross  weight  marked  on  the  barrel,  are  to  be  entered  on  the  Monthly  Bitu- 
minous Material  Reports  or  the  information  naay  be  recorded  elsewhere 
and  submitted  to  the  Bureau  of  Tests.  Any  noticeable  difference  between 
the  gallonage  marked  on  a  barrel  and  the  gallonage  found  therein,  must  be 
reported  to  the  Headquarters  office  at  Albany. 

The  unit  of  measure  ifor  bituminous  material  is  the  gallon  measured  at 
the  temperature  of  6o*P.  If  the  volume  of  material  is  measured  when 
hot,  allowance  should  be  made  for  expansion  according  to  the  following 
table,  which  will  apply  approximately  to  all  of  the  different  classes  of  bitu- 
minous material  at  present  used  on  the  State  highways: 

Increase  in  volume  of  various  classes  of  bituminous  material  when  heated 
from  6o°P. 

To  400°P.  is  approximately  12  per  cent. 
To  aso^P.  is  approximately  10  per  cent. 
.  To  300°?.  is  approximately  8  per  cent. 
To  2S0°P.  is  approximately  6  per  cent. 
To  20o**P.  is  approximately  4  per  cent. 
To  iso°P.  is  approximately    2  per  cent. 

Stone. — Rotten  or  partially  disintegrated  stone,  or  weathered  specimens 
from  the  surface  of  a  quarry  or  ledge,  are  not  to  be  submitted. 

Samples  of  quarry  or  ledge  stone  must  be  representative  of  the  sound, 
fresh,  interior  stone  of  the  ledge  or  quarry.  Such  samples  mav  be  secured 
either  by  blasting  or  by  brewing  up  with  the  sledge.  If  all  material  is 
of  the  same  variety,  texture,  etc.,  one  sample  will  suffice.  If,  however, 
there  are  different  varieties,  separate  samples  are  to  be  taken  of  each  and 
report  made  as  to  the  extent,  giving  details  as  to  location  and  position  for  use. 

All  field  stone,  whether  in  walls,  piles,  or  scattered  over  the  ground, 
which  might  be  used,  must  be  examined  and  a  representative  sample  taken. 
When  two  or  more  varieties  of  great  difference  in  quality  or  texture  are 
ol»erved  to  exist,  separate  samples  are  to  be  taken  of  each,  and  report  made 
as  to  the  percentage  of  each  kind,  the  amount  of  small  stone  which  might 
run  through  the  crusher  without  action,  and  the  percentage  of  disintegrated 
or  badly  weathered  rock  present. 

In  taking  samples  from  the  output  of  crushers,  fifteen  pounds  of  crushed 
material  not  smaller  than  iK  in.  in  size  shall  be  taken,  and  also  one  piece 
at  least  3  X  4  X  5  in.  shall  be  procured  from  the  source  of  supply. 

Each  sample  shall  weigh  not  less  than  twenty-five  pounds  nor  more  than 
thirty-five  pounds.  If  the  entire  sample  submitted  is  a  single  piece  of 
stone,  it  should  be  remembered  that  a  piece  about  the  size  of  a  man's  head 
will  weigh  twenty-five  or  thirty  pounds.  While  not  less  than  twenty-five 
pounds  are  absolutely  necessary^  in  each  sample,  care  should  be  taken  to 
see  that  the  samples  do  not  weigh  over  thirty-five  pounds.  One  piece  of 
each  sample  shall  be  at  least  3X4X5  inches. 

Each  sample  is  to  be  given  a  number  running  consecutively  in  each 
division.  This  number  must  contain  both  the  Division  number  and  the 
sample  number;  thus,  sample  No.  42  from  Division  No.  i  would  be  marked 
"i-d2."  Paint  or  Higgins  drawing  ink  may  be  used  to  mark  directly 
on  the  sample,  or  a  label  or  tag  may  be  securely  fastened  thereto. . 
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Samples  may  be  shipped  in  boxes,  btirlap,  strain  bags,  cement  bags,  etc. 
It  is  preferred  that  stone  be  shipped  in  a  strong  bag  or  in  a  double  bag 
which  may  be  formed  by  placing  one  bag  inside  of  another.  If  shipping  in 
a  single  bag  which  the  sample  only  partially  fills,  the  bag  should  be  securely 
tied  just  above  the  sample  and  the  remaining  uxifilled  part  of  the  bag  folded 
back  so  as  to  completely  envelop  the  stone  and  the  portion  of  bag  contain- 
ing it;  this  folded  back  part  should  then  be  securely  tied  on  the. other  side 
of  the  sample;  this  makes  a  tying  of  the  bag  on  two  sides  of  the  stone, 
and  permits  two  thicknesses  of  the  bag  to  completely  surround  the  stone, 
and  if  securely  tied  is  as  satisfactory  as  a  double  bag. 

Receipt  of  notification  of  acceptance  or  rejection  of  stone  may  be  expected 
to  arrive  at  the  Division  Engineer's  office  twelve  days  after  the  submission 
of  the  samples  and  data,  provided  acceptance  or  rejection  is  not  deferred 
awaiting  a  retest. 

The  location  o£  source  of  supply  is  to  be  expressed  by  an  index  number 
according  to  the  system  used  m  the  Government  Office  at  Washington, 
which  is,  that  each  quadrangle  of  the  U.  S.  Geological  Survey  Sheet  is 
divided  into  nine  sections  numbered  from  i  to  9  inclusive,  as  shown  in  the 
following  plan: 
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The  north  and'  south  sides  of  each  section  are  then  divided  into  2  a  spaces 
designated  from  A  to  V  and  the  east  and  west  sides  into  32  spaces  designated 
I  to  32,  so  that  the  location  of  the  stone  may  then  be  closely  defined,  as 
for  example,  Quadrangle  Albany,  Section  7,  Letter  J,  Number  13,  which 
when  abbreviated  would  read  "Albany-7-J-i3." 

Paving  Brick. — ^A  sufficient  number  of  samples  in  every  case  is  to  be 
taken  to  insure  the  use  of  brick  of  proper  quality,  but  it  should  also  be  borne 
in  mind  that  the  charges  for  transportation  and  testing  of  brick  are  high, 
and  onl^  the  smallest  number  of  samples  necessary  for  this  purpose  should 
be  submitted.  At  least  one  sample  is  to  be  taken  from  every  200,000  brick 
or  less.     Each  sample  shall  consist  of  30  bricks. 

If  in  a  shipment  or  several  shipments  of  the  same  make  and  kind  of  brick 
there  appear  to  be  diflFerent  classes  of  brick — such  as  brick  of  different  de- 
grees of  burning,  for  example — a  full  sample  of  each  class  is  to  be  taken. 

Each  brick  selected  for  the  sample  is  to  be  free  from  cracks  or  other 
defects  which  would  prevent  its  passing  inspection  at  the  road,  for  the  sample 
must  represent  bricks  which  will  not  be  culled  out.  Especially  is  it  for- 
bidden that  any  person  financially  interested  in  the  manufacture  or  use  of 
brick  be  present  when  samples  are  taken. 

Each  sample  (consisting  of  30  bricks)  shall  receive  a  number,  the  numbers 
to  run  consecutively  for  each  road. 

The  sample  shall  be  shipped  in  wooden  boxes,  not  more  than  10  or  12 
bricks  bein^  put  in  one  box  on  account  of  weight  and  strength  of  package. 

Notification  of  acceptance  or  rejection  of  brick  sampled  at  destination 
may  be  expected  to  arrive  at  the  Division  Engineer's  office  nine  days  after 
submission  of  samples  and  data,  providing  the  need  of  a  retest  does  not 
cause  delay.  • 

Asphalt  Block. — A  sufficient  number  of  samples  in  every  case  is  to  be 
taken  to  insure  the  use  of  block  of  proper  quality,  but  it  should  also  be  borne 
in  mind  that  transportation  and  testing  costs  are  high,  and  only  the  smallest 
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number  of  samples  necessary  should  be  submitted.  At  least  one  sample  is 
to  be  taken  from  every  100,000  blocks  or  less.  Each  sample  shall  consist 
d  2  blocks. 

If  in  a  shipment  or  several  shipments  of  the  same  make  and  kind  of  block 
there  appear  to  be  different  classes  of  block,  a  full  sample  of  each  class  is 
to  be  taken. 

Each  block  selected  for  the  sample  is  to  be  free  from  every  defect  that 
would  prevent  its  passing  inspection  at  the  road,  for  the  sample  must 
represent  blocks  which  will  not  be  culled  out. 

Each  sample  (consisting  of  2  blocks)  shall  receive  a  number,  the  numbers 
to  run  consecutively  for  each  road. 

The  sample  shall  be  shipped  in  a  wooden  box,  with  usual  identification 
card  and  postal  notice. 

Notification  of  acceptance  or  rejection  of  block  sampled  at  destination 
may  be  expected  to  reach  the  Division  Engineer's  office  fourteen  days  after 
submission  of  samples  and  data,  providing  the  need  of  a  retest  does  not 
cause  delay. 

Acceptance 

Upon  completion  of  the  testing  of  any  set  of  samples  the  Division  Enp;i- 
neer  is  notified  of  the  acceptance  or  rejection  of  the  material,  and  transmits 
the  statement  to  the  engineer  in  chaige  of  the  contract. 

Estimates  of  Cost — ^The  length  of  the  road  can  be  obtained  from 
maps  (U.  S.  G.  S.  are  convenient)  or  by  autometer  distances  or 
pacing.  Maps  are  generally  available  and  serve  as  a  convenient 
basis  for  notations.  A  field  inspection  by  one  man  preferably 
on  foot  furnishes  the  necessary  data  on  required  drainage,  founda- 
tion soils,  approximate  amount  of  excavation,  condition  of  existing 
bridges  and  all  special  features. 

Minor  drainage  features  can  generally  be  lumped  and  assumed 
to  run  about  $700  per  mile.  (For  more  detailed  cost,  estimate  each 
culvert  separately.  See  chapter  on  "  Drainage. ")  Special  bridges 
must  be  figured  in  detail.  (See  chapter  on  **  Drainage  for  'Standard 
Design,"  etc.) 

The  amount  of  excavation  per  mile  for  ordinary  rolling  f opog- 
raphy  is  entirely  a  matter  of  judgment  which  can  only  |be 
developed  by  personal  experience  in  similar  work.  For  special 
long  hills  requiring  a  cut  and  fill  reduction  a  rough  profile  can  be 
run  with  an  Abney  level.  However  the  item  of  excavation  on 
macadam  roads  rarely  exceeds  20%  of  total  cost  and  considerable 
error  in  estimating  the  yardage  will  not  greatly  effect  the  value  of 
the  estimate. 

The  character  of  the  natural  road  soil  has  an  important  bearing 
on  the  depths  of  macadam  and  must  be  carefully  recorded.  This 
can  best  l^  done  by  giving  the  character  of  the  soil;  noting  whether 
the  improved  road  will  probably  be  in  cut  or  fill  at  the  points 
recorded  and  specifying  the  recommended  depths  of  macadam. 
The  depths  of  macadam  for  different  classes  and  traffic  and  dif- 
ferent soils  were  indicated  in  Chapter  V,  page  152.  Sample  notes 
on  foundation  soils  are  shown  on  page  330. 

Methods  of  computing  pavement  costs  are  given  in  Chapter  XIV. 

The  sample  preliminary  report  following  illustrates  the  method 
to  be  followed  for  high  tjrpe  roads.  A  report  of  this  character 
will  rarely  differ  from  the  fcialcost  of  construction  by  more  than 
15%.    While  photographs  increase  the  value  of  these  reports 
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they  are  not  as  essential  as  for  new  locations.    Notes  on  photography 
are  given  in  Chapter  XII. 

prelhhnart  de^gn  report,  new  construction 

December  lo,  1914. 
Division  Engineer 
Dept.  of  Highways, 
Dear  Sir: 

In  accordance  with  your  request  on  Nov.  25th,  find 
enclosed  report  on  a  reasonable  cost  for  the  Town  Line-Manitou 
State-County  Highway. 

General  Report  and  Estimate,  Town  line-Manitou  State-County 

Highway 

With  a  proper  use  of  local  materials  a  satisfactory 
road  can  be  built  at  a  cost  of  $94,000  or  approx.  $11,000  per  mile 
including  Engineering  and  Contingencies.  An  expenditure  of 
$1 2,000  per  mile  would  not  however  be  excessive. 

The  Braddocks  Bay  crossing  is  the  expensive  feature 
of  this  road;  it  raises  the  cost  of  the  entire  road  about  $1000  per 
mile. 

Design  No.  i  is  recommended  (see  page  280). 

A  detail  report  follows. 

Signed, 

Designing  Engineer. 

DETAIL  REPORT  AND  ESTIMATE,  TOWN  LINE-MANITOU  STATE- 
COUNTY  HIGHWAY 

Length. — Eight  and  fifty>one  hundredths  miles  from  the  Ridf^e  Road  to 
Manitou  Beach. 

Foundation  Soii. — Heavy  soil,  not  particularly  good  foundation  Sta. 
o  to  133;  sandy  soil  balance  of  distance  except  across  Braddocks  Bay. 
A  9  in.  thickness  of  some  form  of  macadam  is  advisable  Sta.  o  to  133;  7  in. 
or  8  in.  the  balance  of  the  distance  should  be  satisfactory  except  across 
Braddocks  Bay  where  it  is  safe  to  figure  on  12  in.  to  15  in.  Ot  stone. 

Grade. — The  present  surface  can  be  followed  closely.  The  excavation 
should  not  exceed  2800  cu.  yd.  per  mile  except  across  Braddocks  Bay;  a 
rough  estimate  of  borrow  excavation  for  this  fill  is  15,000  cubic  yards. 

Alignment. — Good;  no  right-of-way  required  except  possible  at  Sta.  350 
near  the  schoolhouse  at  the  turn  to  Manitou. 

Traffic  and  Section. — There  is  a  heavy  volume  of  automobile  pleasure 
traffic  and  a  light  volume  of  heavy  hauling  traffic  on  this  road. 

The  large  amount  of  pleasure  travel  reqtdres  from  16  ft.  to  18  ft.  of  stone 
surface;  tne  heavy  hauling  does  not  require  over  12  ft.  to  14  ft.  full  depth 
metaling.  We  recommend  a  graded  section  26  ft.  to  28  ft.  wide  between 
ditches  in  cut  with  a  12  ft.  width  of  full  depth  metal  with  6  ft._  of  extra 
width  of  local  crusher  run  on  the  shoulders  Sta.  0  to  133;  a  14  ft.  width  with 
4  ft.  of  stone  on  shoulders  Sta.  133  to  260;  a  width  of  12  ft.  of  full  depth 
metal  with  6  ft.  of  stone  on  shoulders  the  balance  of  the  distance  except 
across  Braddocks  Bay  where  the  entire  width  of  metaling  16  ft.  should  have 
the  full  depth.  * 

This  road  carries  so  much  high  speed  traffic  that  it  requires  some  form 
of  bituminous  macadam  or  if  Waterbound  is  selected,  it  uiuuld  be  treated 
with  calcium  chloride  immediately  and  have  a  surface  coat  of  bitumen 
applied  early  in  the  next  year. 
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Railroad  Crossings. — Sta.  293  R.  W.  &  O.  Ry.  crossing;  no  gates  or  flag- 
man. In  the  summer  time  the  crossing  should  have  a  flagman  as  tne 
orchards  cut  off  the  view.  The  crossing  is  not  particularly  dangerous,  but 
dtuing  the  season  of  the  year  the  traffic  on  this  road  is  entitled  to  better 
protection  at  this  point. 

The  approach  grade  from  the  south  should  be  made  easier. 

Drainage. — No  special  features;  approximate  cost  I3500  exclusive  of 
bridges  above  5ft.  span  to  be  built  by  the  towns. 

Dangerous  Places. — The  Braddocks  Bay  crossing  is  a  dangerous  one 
as  the  ml  is  high  and  the  swamp  is  full  of  semi-fluid  muck  from  6  ft.  to  12  ft. 
deep;  a  first-class  concrete  guard  rail  protection  should  be  provided. 

ICatdrials 

Filler  Sand. — In  abundance  alon^  road  and  from  roadbed  excavation. 

GraveL — The  only  good  gravel  is  lake  gravel;  this  can  be  obtained  up 
to  approximately  6000  cu.  yd.  i}4  miles  north  of  Sta.  350  and  3000  cu.  yd. 
H  inUe  west  of  Sta.  450.  Probably  this  can  be  used  to  advantase  (screened 
or  selected  beach  run)  as  bottom  course  Sta.  350  to  450  or  as  filler  for  sub- 
base  bottom  and  on  the  shoulders. 

Stone. — Fifteen  thousand  cubic  yards  of  fence  stone  are  available  within 
a  mile  and  a  half  of  the  road  Sta.  o  to  133. 

There  is  practical||/  no  local  stone  Sta.  133  to  350.  Pour  thousand  cubic 
yards  of  fence  stone  are  available  within  i}4  roiles  of  Sta.  350. 

This  material  runs  about  ao%  granite  fit  for  top  and  the  balance  soft 
sandstone  fit  for  bottom  either  as  a  sub-base  bottom  or  crushed  stone  bottom. 

There  is  sufficient  stone  at  the  south  end  of  the  road  to  bttild  a  sub-base 
bottom  with  crushed  stone  filler;  a  local  granite  top  with  crushed  stone  on 
the  shoulders  from  Sta.  0  to  133  and  a  local  crushed  stone  bottom  5  in. 
thick  Sta.  133  to  about  Sta.  300. 

There  is  sufficient  stone  at  the  north  end  to  build  about  i^  miles  of 
crushed  stone  bottom  with  stone  on  shoulders  or  iH  miles  of  sub-base 
bottom  with  crushed  stone  filler  and  crushed  stone  on  shoulders.  I  do 
not  think  there  is  enough  granite  to  make  it  worth  while  to  try  and  use  a 
local  top  on  any  part  of  the  north  end. 

It  is  probably  better  to  use  an  imported  top  from  Sta.  133  to  450  and 
imported  bottom  Sta.  200  to  380.  (See  detail  Stone  Statement  and  (im- 
putations following.) 

Crusher  Set  op  at  Sta.  100. — Fifteen  thousand  cubic  yards  field  stone 
available  within  3  miles  maximum  haul.     Average  haul  lyi  miles. 

Assume  for  safety  that  only  11,000  cu.  yd.  are  available  with  an  average 
haul  to  crusher  of  i  mile. 

Of  this  11,000  cu.  yd.  field  stone. 

3000  cu.  yd.  used  for  sub-base  bottom  average  haul  H  niile. 
,000  c„.  yd.  used  for  crushed  stone  mier  I  ^^  f^^t^^r  K^mile. 

700  cu.  yd.  used  for  crushed  stone  shoulders    haul  t^m«h«  H  m.l^.^^ 
«oo  cu.  yd.  used  for  top  course  {  ^^^  f^STljSfsher ti'tnile. 

7200  CU.  yd.  field  stone  used  for  local  macadam,  from  Sta.  o  to  133,  leaving 
3800  cu.  yd.  available  for  crushed  bottom  and  shoulder  stone  for  road  north 
of  Sta.  133- 

Three  thousand  eight  hundred  cubic  yards  will  produce  approximately  3000 
cu.  yd.  of  crushed  bottom  loose  measure  or  about  2300  cu.  yd.  of  rolled 
measure.  This  will  build  10,600  lin.  ft.  of  5  in.  bottom  i^  ft.  wide.  We 
can  therefore  safely  specify  local  bottom  to  Sta.  200  which  will  leave  enough 
shoulder  stone  to  use  as  far  north  as  Sta.  300  if  necessary. 

Crusher  Set  up  at  Sta>.  350. — Four  thousand  cubic  yards  available  within 
iH  miles  say  average  haul  i  mile. 

Assume  for  safety  that  3000  cu.  yd.  only  are  available,  average  haul  i 
mile.  This  will  produce  about  2400  cu.  yd.  crushed  bottom  stone  loose 
measure  or  approximately  1800  cu.  yd.  rolled  measure.  One  thousand  eight 
hundred  cubic  yards  will  build  approximately  90  Sta.  of  12  ft.  bottom  5 
in.  deep  whidi  makes  it  safe  to  specify  a  local  bottom  using  crushed  stone 
and  lake  gravel  as  far  south  as  Sta.  aSo  with  either  gravel  or  crusher  run 
the  entire  length  of  road  on  the  shoulders. 

Imported  bottom  should  be  used  Sta.  200  to  280. 
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Imported  Stone. — One  dollar  and  twenty-five  cents  per  ton  f.o.b.  switch. 
Switoi  can  be  built  at  Sta.  233  for  I300  to  I400. 

Water. — Can  be  obtained  at  all  seasons  at  intervals  from  i  mile  to  iH 
miles  all  along  the  road. 

Cost  of  Different  Types 

Grubbing  and  clearing $       300 .  00 

23.000  cu.  yd.  roadbed  excavation  @  I0.50 11,500.00 

15.000  cu.  yd.  brow  exc.  across  Braddocks  Bay  @  I0.45 '  6,750.00 

800  cu.  yd.  sub-base  @  |i .  25 1,000 .00 

4,000  lin.  ft.  concrete  G.  R.  across  Braddocks  Bay  @  |i  .00.. . .      4,000.00 

Drainage  of  system 3,500 .00 

Minor  points  @  400  per  mile 3i400 .  00 

Engineering  and  contingencies 8,000 .  00 

Total  cost  of  items  other  than  metaling $38,450 .00 

Schedule  of  Unit  Prices 

Imported  waterbound  top  Sta.  133  to  450 $5 .00  per  cu.  yd.  rolled 

Imported  bit.  mac.  top  Sta.  133  to  450 7 .30  per  cu.  yd.  roUed 

iLocal  granite  bit.  mac.  top  Sta.  o  to  133 6.00  per  cu.  yd.  rolled 

^Imported  limestone  water  mac.  Sta.  o  to  133 5 .  50  per  cu.  yd.  rolled 

Sub-base  bottom  crushed  stone  filler  0  to  133 i  .50  per  cu.  yd.  rolled 

Local  crushed  bottom  Sta.  133  to  200 2#so  per  cu.  yd.  rolled 

Imported  mac.  bottom  Sta.  200  to  280 3 .20  per  cu.  yd.  rolled 

Local  crushed  bottom  Sta.  280  to  3S0 2 .30  per  cu.  yd.  rolled 

Lake  gravel  bottom  Sta.  350  to  450 i  .90  per  cu.  yd.  rolled 

Crushed  stone  or  gravel  on  shoulders i .  50  per  cu.  5jd.  loose 

Tarvia  B 0 .  08  per  gal.  in  place 

Table  of  Comparative  Cost 


Type 


Approx.  Cost  Including 
Bng.  and  Contingencies 


Cost  per 
Mile 


Total  Cost 


Design  No.  i  (for  details  see  Cost  Estimate 

Sheet) 

Design  No.  2  (for  details  see  Cost  Estimate 

Sheet) 

Design  No.  3  (for  details  see  Cost  Estimate 

Sheet) 

Design  No.  4  (for  details  see  Cost  Estimate 

Sheet) 


$11,000 
11,300 
12,000 
12,500 


$   93,500 
96,200 

102,200 
106,000 


J 


Computation  of  Unit  Prices 

Overhead  approximately  30c.  per  cubic  yard  of  bottom  and  top  stone* 
No  overhead  estimated  on  other  items. 

Sub-base  Botiom  Course  Crushed  Stone  Filler  Sta.  o  to  133 

(^ost  of  stone  in  fences $0 .  10 

Loading 0.15 

Hauling  J4  mile 0.12 

Placing  and  sledging o .  20 

Rolling o .  OS 

Crushed  stone  filler.     (See  Filler)  0.35  cu.  yd o .40 

I1.02 

20  %  profit 0 .  20 

Overnead 0 .  30 


Estimate $1.52 

Say  |i . 50 

1  There  is  no  difference  in  cost  Sta.  0  to  133  between  a  local  granite  bit.  mac 
top  and  an  imported  limestone  waterbound  top  when  treated  with  Tarvia  B, 
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Crushed  Stonb  Filler  (Crusher  Run) 

Per  Cu.  Yd. 

Cost  of  stone  in  fences lo .  lo 

Loading 0.15 

Haul  to  crusher  i  mile o .  35 

Crushing 0. 10 

Cost  in  bins lo. 70 

Loading  to  wagons o.oi 

Haul  to  road  ^  mile 0.22 

Spreading  and  brooming o .  20 

I1.13 
0.35  cu.  yd.  per  yard  of  sub-base  =  |o .  40 

Local  Crushed  Stone  Bottom  Sta.  133  to  200 

Cost  in  bins $0 .  70 

Loading  to  wagons o.oi 

Hauling  to  road  iK  miles o . 40 

Spreading o .  06 

Rolling 0 .  05 

li  .22 
Consolidation  0.3 0.37 

liS9 
Filler 0 .  20 

I1.79 

20  %  profit o .  36 

Overhead o .  30 

Say  I2 . so  ,  I2 . 45 

Stone  on  shoulders  Si  .50  per  cu.  yd.  loose. 

Local  Granite  Bit.  Mac.  Top  Sta.  o  to  133 

Stone  in  fences lo .  10 

Loading 0.15 

Blasting  and  sledging 0.15 

Hauling  to  crusher 0.35 

Crushing 0.15 

y.  lo .  90  in  bins 

Loading  to  wagons o.oi 

Hauling  to  road  ^  mile 0,22 

Spreading o .  06 

Rolling 0 .  08 

I1.27 
Consolidation o .  38 

I1.65 

Screenings  No.  2  and  Bit 3.10 

Profit o  .90 

Overhead 0.30 

Estimate IS -95 

Say  16.00 

No,   2   Screenings  and   Bitumen.     Note:  There  should   be   enough  local 
screenings  for  about  ^  of  the  top  course.     Use  imported  for  the  balance. 

Cost  o  .45  cu.  yd.  screenings  and  No.  2  at  bin |o  .40 

Hauling  fi  mile o .  10 

Spreading 0.12 

Manipulation  21  gal.  bitumen  @  iHc 0 .32 

Cost  21  gal.  bitumen  on  road  @  &Hc i .  82 

I2.74 
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Imported  Screenings  and  No.  2 

Cost  o  .45  cu.  yd.  f.o.b.  switch  @  |i .  25  per  ton |o .  70 

Unloading 0 .  05 

Hauling  3  miles o. 90 

Spreading 0.12 

Manipulation  21  gal.  bitumen  @  iHc 0.32 

Cost  2 1  gal.  bitumen  on  road  @  83^c i .  80 

I3.89 
Average  price  I3  •  10 

Imported  Limestone  Waterbound  Mac.  Sta.  o  to  133 

Materials: 

4400  lb.  of  stone  @  Ix  .25  per  ton I2 .  75 

6  %  profit o .  IS 

I2.90 
Labor: 

Unloading lo .  10 

Hauling  3  miles  @  |o .  25 o .  75 

Spreading 0 .  08 

Rolling  and  puddling o .  10 

I1.03 
Consolidation  0.3 0.31 

I1.34 

Screenings 0 .  SS 

20  %  profit o .  38 

Overhead o .  30 

Materials 2 .  90 

Estimate Is  -47 

Screenings: 

Unloading |o .  05 

Hauling  3  miles o  .40 

Spreadmg  and  brooming 0 .  10 

loss 

Imported  Limestone  Waterbound  Mac.  Sta.  133  to  450 

Materials I2 .  90 

Labor: 

Unloading o .  10 

Hauling  90  sta.  iH  miles 9 .  SS 

Spreadmg 0.08 

Rolling  and  puddling o .  10 

I0.83 
Consolidation 0 .  25 

I1.08 

Screenings o .  45 

20  %  profit 0 .  30 

Overhead o .  30 

Materials 2 .  90 

Estimate Is  •  03 

Say  Is-oo 

Screenings: 

Unloading lo .  05 

Hauling  iH  miles 0.30 

Spreading  and  brooming o .  10 

I0.45 
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Imported  Limestone  Bituminous  Macadam  Sta.  133  to  450 

Materials: 

4200  lb.  @  I1.2S  f.o.b.  per  ton I2 .6a 

6 %  profit CIS 

13.77 
Labor: 

Unloading |o .  10 

Haulinpf o.  SS 

Spreading o.  08 

Rolling o .  08 

I0.81 
Consolidation  0.3 o .  24 

I1.05 

Screenings  and  bitumen I2 .  52 

20  %  profit o .  70 

Overhead o.  30 

Materials 2 .  77 

Estimate 17-34 


Screenings  No.  2  and  Bitumen 

Unloading lo.os 

Hauling 0.25 

Spreading;  and  brooming 0.12 

21  gal.  bitumen  A.  @  8^^c i .  78 

Manipulation  of  bitumen o  .32 

I2.52 


Imported  Limestone  Bottom  Sta.  200  to  280 

Materials: 

3200  lb.  stone  @  I1.25  per  ton $2 .00 

profit o .  lo 

Total  materials I2 .  10 

Labor: 

Unloading |o .  10 

Hauling  average  distance,  20  sta 0.15 

Spreading 0.06 

Rolling o  .OS 

I0.36 
Consolidation  0.3 o.ii 

I0.47 
Filler o .  20 

I0.67 

20  %  profit 0.13 

Overhead o .  30 

Materials 2 .  10 

I3-3Q 
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Local  Stone  Mac.  Bottom  Sta.  280  to  350 

Stone  in  fences So .  10 

Sledging o .  05 

Loading 0.15 

Hauling  to  crusher  i  mile 0.3s 

Crushing 0.12 

Cost  in  bins $0.77 

Loading  to  wagons 0 .01 

Haul  to  road  0.7  mile o . 22 

.Spreading o .  06 

Rolling o .  OS 

li.ii 
Consolidation  0.3 o .  33 

I1.44 
Filler. o .  20 

Si. 64 

20  %  profit o .  33 

Overhead 0 .  30 

Say  I2.30  S2.27 

Lakb  Gravel  Bottom  Sta.  350  to  450 

Assume  H  material  from  Manitou  Beach. 

Assume  ^  material  from  beach  iH  miles  north  of  Sta.  350. 

Selected  Beach  Run  of  Gravel 

Cost  on  beach |o.  10 

Loading o .  is 

Hauling  average  2  miles o .  70 

Spreading o .  os 

Rolling o .  04 

Loam  and  flushing o .  os 

I109 
Consolidation  0.2 t) .  22 


Say  1 1. 90 

Design  No.  i. 
Sec.  No.  I 


I1.31 

20 %  profit o. 26 

Overhead o .  30 

I1.87 
Approximate  Cost  Estimates 


12'  wide  6"  sub-base  3"  bit.  mac,  local  top  6'  of  stone  on 
shoulders.     Treated  with  Tarvia  B  or  No.  4  road  oil.     Sta. 

.  o  to  1.33. 

[  14'  wide  s"  local  mac.  bot.  3"  waterbound  imported  lime- 
Sec.  No.  2     '  stone  top.     Treated  with  Tarvia  B.     4'  stone  on  shoulders. 

,  Sta.  133  to  200. 
c^     VT  [14'  wide  s"  imported  bottom;  same  top  as  from  Sta.  133  to 

oec.  iNo.  3     s  200  Sta.  200  to  260.     4'  stone  on  shoulders. 
Q  /,   Mrt   A     /  ^2'  wide  s"  imported  bottom  3"  water  imported  top  Tarvia  B. 
oec.  XNO.  4     j  5/  of  stone  on  shoulders.     Sta.  260  to  280. 
Q-/»  Mrt   e     3  '^'  yride  s"  local  mac.  bottom  3"  water  imported  top  Tarvia 
oec.  XNO.  5     1  B.    6'  stone  on  shoulders.    Sta.  280  to  310. 
«       XTft  /i     /  '^'  "^de  9"  sub-base  bottom  3"  water  mac.  top  Tarvia  B. 
oec.  iNo.  o     <  j^Q  gi^jjg  ^^  shoulders.     Sta.  310  to  335- 

<u«  xta  «»  /  ^^'  ^^®  S"  local  mac.  bottom  3"  water  mac.  top  Tarvia  B. 

Dec.  iNo.  7  \  5/  of  stone  on  shoulders.     Sta.  335  to  350. 

c       Mo  8  /  ^'''  wide  s"  lake  gravel  bottom  3"  water  mac.  top  Tarvia  B. 

oec.  iNo.  o  ^  ^f  of  gravel  or  stone  on  shoulders.     Sta.  350  to  450. 
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ApfffoximaU 
Sec.  z.     Sta,  o  to  I33  Amouni 

3000  cu.  yd.  6"  sub-base  bottom  @  I1.50 I4500.00 

1500  cu.  yd.  3"  bit.  mac.  (local)  top  ®  S6.00 9000.00 

730  cu.  yd.  stone  on  shoulders  (loose)  @  I1.50 1 100 .00 

3500  gal.  Tarvia  B  on  stone  shoulders  @  I0.08 280.00 

Sec.  2.     Sta.  133  to  200 

14.50  cu.  yd.  5"  local  mac.  bottom  @  I2.50 I3625 .00 

870  cu.  yd.  3"  imported  waterbound  top  @  I5.00 4350.00 

270  cu.  yd.  stone  on  shoulder  @  I1.50 405 .00 

5400  gal.  Tarvia  B  @  I0.08 430 .  00 

Sec.  3.     Sta.  200  to  260 

1300  cu.  yd.  5"  imported  bottom  @  I3.20 I4150.00 

780  cu.  yd.  3"  imported  water  mac.  top  @  $s.oo 3900.00 

240  cu.  yd.  stone  on  shoulders  @  I1.50 360 .00 

4800  gal.  Tarvia  B  @  I0.08 385 .  00 

Sec.  4.     Sta.  260  to  280 

370  cu.  yd.  5"  imported  bottom  @  I3.20 I1185 .00 

230  cu.  yd.  3"  imported  water  mac.  top  @  $5.00 1150.00 

no  cu.  yd.  stone  on  shoulders  @  I1.50 165 .60 

1600  gal.  Tarvia  B  @  I0.08 130.00 

Sec.  5.     Sta.  280  to  310 

560  cu.  yd.  5"  local  bottom  @  I2.30 I1290.00 

340  cu.  yd.  3''  water  mac.  top  @  I5.00 1700 .00 

170  cu.  yd.  stone  on  shoulders  @  I1.50 255 .00 

2400  gal.  Tarvia  B  @  I0.08 190.00 

Sec.  6.     Sta.  310  to  335 

1 130  cu.  yd.  9"  sub-base  bottom  (^  li.?5 I1980.00 

380  cu.  yd.  3"  water  mac.  top  @  Is.oo ? 1900.00 

1800  gaL  Tarvia  B  @  I0.08 145 .00 

Sec.  7.     Sta.  335  to  35© 

280  cu.  yd.  5"  local  bottom  @  I2.30 $  645 .00 

170  cu.  yd.  3"  water  mac.  top  @  I5.00 850 .  00 

80  cu.  yd.  stone  on  shoulders  @  li.so 120 .00 

1200  gal.  Tarvia  B  @  |o.08 95  -oo 

Sec.  8,  Sta.  350  to  450 

1900  cu.  yd.  5''  lake  gravel  bottom  ^  |i  .90 l3,6oo.oo 

1150**      **     3"  water  mac.  top  @  f 5. 00 5.750. 00 

550  "      *'    -gravel  on  shoulders  @  Si .  50 825 .00 

8000  gal.  Tarvia  B.  @  I0.08 640.00 

Totals I55.100 .  00 

Items  other  than  metal 38.4SO  .00 

Total  estimates S93.S50 .00 

Design  No.  2.  Same  widths  and  foundation  construction  as  Design  No.  i 
except  that  a  2H"  imi)orted  limestone  bituminous  macadam  is  substituted 
for  tne  3"  waterbound  top  treated  with  Tarvia  B. 

0>st  of  3"  water  mac.  top  Design  No.  i I19.600 .00 

0>st  of  Tarvia  B.  on  mac.  top  Design  No.  i 1,500 .00 

Total 121,100.00 

Cost  of  2j^"  bit.  mac.  top 23,800 .00 

Increased  cost  Design  No.  2  over  No.  i $  2,700 .00 

Design  No.  3.  16'  road  entire  distance  local  bottom  Sta.  o  to  200  and 
280  to  450  and  imported  bottom  Sta.  200  to  280  with  3''  imported  water- 
bound  macadam  treated  with  0.4  gal.  Tarvia  B.  or  0.25  gal.  No.  4  Road  Oil. 

9.300  cu.  yd.  local  bottom  s'^^thick  <^  $2 . 25 $20,700.00 

1.970  **  imported  bottom  5"  thick  @  I3. 20 —         6,300.00 

6,700  **    "      imported  top  3"  thick  @  $5 .  10 34,200 .00 

33,000  gal.  Tarvia  B.  @  I0.08 2,560 .00 

163,760.00 
Items  other  than  metaling ^ 38,450 .  00 

|lO2,2I0.00 
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Design  No.  4.  Substitute  a  2H"  bit.  mac.  top  for  the  3"  waterbound 
top  of  Design  No.  3.     This  increases  the  cost  approx.  14,000. 

Signed, 

Designing  Engineer. 

PRELIMINARY  INVESTIGATIONS  FOR  ROADS  IN  UN- 
SETTLED DISTRICTS 

Reports  of  this  nature  can  not  be  figured  as  accurately  as  for 
high  t3rpe  roads  but  if  carefully  done  should  not  vary  over  25%  from 
the  final  construction  cost.  The  cost  of  preliminary  investigations 
depends  very  largely  on  the  character  of  the  country,  the  methods 
employed,  and  the  travel  necessary  to  get  to  the  work  and  will 
range  from  $2  to  $40  per  mile.  A  fair  average!  cost  for  work*^  similar 
to  that  done  by  the  U.  S.  Office  of  Public  Roads  in  the  mountainous 
districts  of  the  west  is  $$  per  mile  for  ordinary  cases  and  $30  per 
mile  for  a  plane  table  sketch  survey  in  difficult  country. 

Ordinary  Preliminary  Investigations. — ^The  improvement  to  be 
investigated  generally  consists  of  a  combination  of  betterments  of 
existing  roads  with  a  large  percentage  of  relocation  of  the  old  road 
or  the  new  location  of  a  highway  where  no  road  of  any  kind  traverses 
the  territory.  The  length  of  these  projects  range  from  5  miles 
to  150  miles.  The  engineer  generally  receives  orders  to  report  on 
the  best  general  route  and  approximate  cost  of  a  road  between 
definite  terminals  which  requires  more  general  investigation  than 
called  for  in  the  preliminary  reports  on  high  type  roads  previously 
discussed. 

The  field  work  is  usually  made  by  one  or  two  men  on  foot  or 
horseback.  All  possible  different  routes  are  examined.  As  a  rule 
this  general  examination  eliminates  all  but  one  or  two  possibilities 
which  are  examined  with  care;  sufficient  notes,  photographs,  etc., 
being  taken  to  make  a  reasonably  close  estimate  of  cost. 

The  selection  of  general  route  is  based  on  a  comparison  of  the 
following  factors  for  the  different  routes. 

1 .  Best  location  for  the  development  of  the  country. 

2.  Longest  open  season  for  use. 

3.  Least  rise  and  fall.^ 

4.  Feasible  ruling  grades. 

5.  Length  and  cost. 

The  following  engineering  equipment  will  cover  all  requirements 
for  obtaining  the  general  data  and  the  detailed  information  required 
for  a  reasonably  close  cost  estimate. 

2  Aneroid  barometers  2j^"or  3"  dial  in  leather  carrying  cases. 

Tested  for  range  of  altitude  needed. 
I  Abney  level  reading  to  degrees  and  per  cent. 
I  Pocket  compass  2"  floating  card  dial  or,  if  desired, 
I  Prismatic  compass  (card  dial  preferred). 
I  4A  Kodak  with  folding  tripod. 
Note  books,  existing  maps,  etc. 
In  rolling  topography  it  makes  no  difference  in  which  direction 
the  line  is  traced  but  where  elevation  is  developed  on  a  ruling  grade 
the  work  should  be  done  from  the  highest  point  down  hill. 
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Where  anecoid  elevations  must  be  depended  on  consklerable  care 
must  be  exercised.  K  one  aneroid  can  oe  left  at  a  stationary  point 
and  its  fluctuations  read  at  intervals  during  the  day  very  accurate 
results  can  be  obtained  when  the  field  aneroid  is  corrected  for  the 
fluctuations  but  this  is  not  feasible  for  work  of  this  kind  as  a  rule 
and  aneroid  elevations  are  to  say  the  least  uncertain.  Where  used 
two  instruments  should  be  carried;  when  reading  they  should  be 
held  horizontal  and  the  crystal  rapped  sharply  with  the  finger  nail 
to  free  the  needle  if  caught  which  often  happens.  Any  important 
elevations  should  be  determined  at  least  twice  and  a  return  trip 
made  to  the  original  datum  point  to  check  the  instrument. 

The  general  rise  and  fall  can  be  determined  by  the  aneroids. 

The  approximate  location  of  the  road  for  different  ruling  grades 
can  be  traced  with  the  Abney  level. 

A  rough  traverse  can  be  run  with  the  pocket  comp>ass  or  pris- 
matic compass. 

Distances  can  be  obtained  by  pacing  (pedometer  or  hand  counter) 
by  timing  if  on  horseback;  by  scaling  from  reliable  maps  or  by  auto- 
meter  if  on  aai  existing  road. 

Cross-sections  are  determined  by  the  Abney  level  and  are  taken 
and  recording  at  sufficient  intervals  to  show  the  general  slope  of 
the  sidehill. ; 

Classification  of  excavation  and  the  cut  slopes  at  which  excava- 
tion will  stand  depends  on  the  judgment  of  the  engineer  but  must 
be  S3^tematlcally .recorded. 

Drainage  should  be  carefully  estimated  particularly  the  larger 
structures  as  this  item  forms  a  large  percentage  of  the  cost  of  low 
type  roads. ; 

Clearing  and  grubbing  is  recorded  by  section. 

Each  engineer  has  his  own  ideas  about  notes  and  it  makes  little 
difference  how  the  data  is  recorded  so  long  as  it  is  clearly  and 
definitely  set  down  in  such  a  way  that  anyone  can  retrace  the  route 
and  reestimate  the  cost  without  additional  field  work. 

The  main  faults  of  reports  and  notes  are  that  they  are  not  suffi- 
ciently clear  on  facts;  they  generally  run  strong  on  generalities 
and  judgment  and  are  not  worth  the  paper  they  are  written  on  if 
the  author  h  not  available  to  explain  in  detail. 

A  well  arranged  report  should  either  summarize  the  conclusions 
at  the  beginning  and  explain  in  detail  later  or  be  indexed  so  that 
the  conclusions  can  be  readily  located.  A  preliminary  estimate 
should  be  rounded  out  to  even  figures  as  amounts  figured  to  single 
yards  or  costs  figured  to  odd  figures  of  less  amount  than  10%  of 
the  total  coit  are  merely  ridiculous  and  show  that  the  estimator 
has  lost  tracK  of  the  relative  accuracy  of  his  work. 

The  follo^*dng  form  of  notes  serve  in  a  satisfactory  way  when 
supplemented  by  photographs,  sketches  and  text  descriptions. 

Detail  su^estions  on  photography  are  given  in  Chapter  XII. 

Table  25  and  26,  pages  286  and  296,  serve  to  give  a  tough  ap- 
proximation of  the  amount  of  excavation  required. 

Drainage  costs  can  be  estimated  on  the  standard  structures 
required  by  the  State  or  Government  for  whom  the  work  is  being 
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done  or  can  be  approximated  by  reference  to  the  various  standard 
structures  and  costs  shown  in  Chapter  III  and  Table  28,  page  298. 
Various  miscellaneous  information  convenient  for  preliminary 
estimates  are  given  on  page  297.  A  rough  approximation  of 
magnetic  declination  can  be  determined  from  the  isogonic  charts, 
pages  302  to  308. 

Explanation  of  Table  25 

Note. — Quantities  determined  graphically  using  one  way  crown 
for  single  track  roads  on  all  cross  slopes;  the  2  way  crown  for 
double  track  roads  on  cross  slopes  of  5  ,  10^  and  15°  and  the  one 
way  crown  on  cross  slopes  above  15**. 

U  for  any  reason  it  is  desired  to  use  a  two  way  crown  on  single 
track  roads  for  cross -slopes  below  15**  reduce  the  quantities  shown 
in  the  table  by  about  25%.  For  the  use  of  a  two  way  crown  above 
15^  cross  slope,  special  computations  wiU  have  to  be  made. 

To  illustrate  the  use  of  this  table  we  will  figure  the  approximate 
excavation  for  the  notes  shown  in  Figure  60,  page  284. 

From  Sta.  o  to  5  the  natural  side  or  cross  slope  of  the  ground  is 
given  as  5®.  In  this  case  a  turnpike  section  can  be  used  say  T-12. 
Turn  to  page  286  and  under  section  T-12  for  a  5**  cross  slope  we 
find  the  excavation  given  as  33  cu.  yd.  per  100'  or  165  cu.  yd.  for 
500  ft.  We  will  increase  this  20%  accordmg  to  judgment  for  profile 
inequalities  which  gives  us  200  cu.  yd.  earth  excavation  from  Sta. 
o  to  5. 

From  station  5  to  10  we  have  a  15°  cross  slope.  Suppose  we  are 
figuring  an  estimate  for  a  minimum  width  single  track  road  S-io 
look  on  page  287  and  for  a  cross  slope  of  15°  and  a  cut  slope  of 
I :  I  the  table  gives  46  cu.  yd.  per  100  ft.  or  230  cu.  yd.  for  500  ft. 
Increase  this  by  say  20%  for  inequalities  in  profile  which  gives  us 
276  cu.  yd.  Estimate  the  percentage  of  this  classed  as  rock  say 
10%  and  we  have  250  cu.  yd.  for  common  exc.  and  26  cu.  yd.  of  solid 
rock. 

In  a  similar  way  estimate  Sta.  10  to  Sta.  20. 

From  Sta.  20  to  Sta.  25  the  notes  record  a  ground  cross  slope 
of  35^.  This  calls  for  a  retaining  wall  section,  see  page  293,  section 
W-8  for  a  35**  cross  slope.  The  table  gives  the  following  quantities 
for  100'. 

55  cu.  yd.  of  wall  masonry. 
100  cu.  yd.  of  excavation. 

Multiply  this  by  5  for  500  feet,  add  a  percentage  for  inequalities 
of  profile  and  estimate  per  cent,  of  solid  rock. 

From  Sta.  25  to  Sta.  30  the  notes  show  a  rock  ledge  with  a  face 
slope  of  50^.  This  calls  for  a  section  benched  out  of  the  solid 
ledge.  Sec  page  294,  use  Section  S-8  the  minimum  single  track 
section  for  a  cross  slope  of  50°  which  gives  350  cu.  yd.  Rock  ex- 
cavation per  100'  or  1750  cu.  yd.  for  500  feet. 

If  turnout  sections  for  passing  rigs  are  desired  figure  the  excess 
quantities  by  referring  to  the  parts  of  the  table  dealing  with  the 
double  track  widths. 
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Table  25. — ^Approximate  Quantities  Wall  Section  Minimum 
Single  Track  Road  Section  W-8 
Double      "         "  "        W-12 


— H2)-4-3or  la-M 


l.S  or  2.0 


TYPICAL  SECTIONS 
30*»  &  35*  Slopes 

Ditch  Excavation  Makes 
Pill  Back  of  Wall 


'0.5  Hi 


TYPICAL  SECTIONS 
40  &  45  Cross  Slopes 
Borrow  Pill  Required 


Note. — Rough  rubble  masonry  walls  to  have  outside  face  batter  of  3''  to 
i'  and  a  bottom  width  of  H  the  height.  The  foundation  to  be  carried  to 
a  firm  strata. 


Natural 

Ground 

Cross 

Slope 

Approxibiate  Quantities  per  100'  of  Road  for  W-8  SscnoN 

Wall 
Masonry 

Ditch 
Excavation 
Used  in  Pill 

Borrow 

Excavation 

for  Balance 

of  Pill 

Wall 

Excavation 

Waste 

Total 
Excavation 

•30* 
45* 

46  cu.  yd. 

55  '*    •• 
100  **    " 

135  "    •• 

55  c^i-  yd. 
80   "     •• 
30   ••     •• 
45   ••      •• 

None 
None 
90  cu.  yd. 
100  ••     •• 

IS  cu.  yd. 
20  *•     •• 

35   '*     ** 
45   •*     " 

70  cu.  yd. 
100  •'     " 

155   "     " 
200  "     " 

Table  for  Minimum  Double  Track  Section  W-12 


Natural 

Ground 

Cross 

Slope 

Approximate  Quantities  per  100' 

Wall 
Masonry 

Ditch 
Excavation 
Used  in  Pill 

Borrow 
Excavation 
for  Balance 

of  Pill 

Wall 

Excavation 

Waste 

Total 
Excavation 

1 

•30» 

K 

45* 

6s  cu.  yd. 

90  "   •' 
180  "    •• 
250  "    " 

100  cu.  yd. 

140  "     " 
30  "     *• 
45   ••     " 

None 

None 
300  cu.  yd. 
250  •*    •* 

IS  cu.  yd. 
20   ••    •* 

45    "    •• 
80   *•    •• 

IIS  cu.  yd. 
160   "     " 

275    ••     " 
375    •*     " 

Note. — Above  45**  ground  slope  use  Rock  Bench  Sections,  except  in  un- 
usual cases. 

*  Retaining  wall  section  on  30**  cross  slope  is  not  usually  economical. 
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Table  25. — ^Table  of  Approximate  Quantities  Road 

Benched  out  of  Rock 


TYPICAL  BENCH 
SECTION 


Using  S-8,  S-io,  S-12,  S-14,  S-16 


Natural 

Slope  of 

Pace  of 

Rock 

Ledge 

Cut 
Slope 

Approximate  Excavation  in  Cu.  Yd.  per  loo'  for 
Different  Sections 

•S-8 

1 
S-io          ••S-12 

1 

S-14 

S-16 

SO** 

60° 

yo"* 

80** 

Vertical 

Half 
Tunnel 

350  cu  yd 
600  "   *• 
560  "    •• 
460  "    " 

500  cu  yd 
850  ••   *' 
800  "    " 
SSO  ••    •' 

660  cu  yd 
1.200  "  ** 
1,050  '•   •' 

680  "   " 

870  cu  yd 
1.550  "    *• 
1,400  "    " 

1,100  cu  yd 
2,000  ••    •• 
1,800  *•   •* 

•  Minimum  width  single  track  in  rock. 
••  Minimum  width  double  track  in  rock. 


Table  26. — Approximate  Amounts  of  Embankment  and  Ex- 
cavation FOR  Different  Center  Line  Cuts  and  Fills 
Ground  Surface  Assumed  Level 

(See  page  295.) 
Ground  Surface  Xjerel 
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Miscellaneous  Information  of  Value  in  Making  Preliminary 

Investigations  and  Estimates 

Conversion  Per  Cent,  of  Grade  to  Degrees  of  Vertical 

Angle 

(For  use  in  tracing  grade  with  transit  or  Abney  Level) 
Per  cent.  Degrees 

I     o»3S' 

2       I     09' 

3     1:43; 

4     a*'  18' 

5     2°S2; 

6     3    26' 

7     4°oo' 

8  • <35; 

9 S^<^ 

10  5>3 

11  6*»i7' 

12  6*^51' 

13  7^24' 

14  7^58' 


Table  27. — Table  of  Acres  Per  Station  of  100  Feet  and 
Per  Mile  for  Different  Widths  of  Clearing 

OR  Right-of-way 


Acreage 

Width  of  Strip 

Per  100' 

Per  Mile 

30  ft 

0 .  069  acres 

3 .  636  acres 

40" 

0.092     *' 

4.849     " 

SO" 

o.iis     " 

6.061.    ** 

60" 

0.138     " 

7  273     " 

70" 

0.161     " 

8.485     " 

80" 

0.184     " 

9.697     " 

90" 

0.207     " 

10.909     ** 

100" 

0.230     " 

12. 121     ** 

Range  in  Unit  Estimate  Prices 

Clearing  and  Grubbing. 

Sagebrush $  10  to  $  50  per  mile 

Light  clearing $  20  "  $  60  per  acre 

Medium  clearing $  60  "  $150   "     " 

Heavy  clearing $150  "  $300   "      ** 
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Excavation. 

Common. 

Machine  turnpiking $0. 15  to  $0. 25  per  cu.  yd. 

Wheel  scrapper  and  machine 

finish $0.25 

Wagon    haul  and  machine 

finish $0.40 

Side  hill  plow,  scrapper  and 

machine $o-  35 

Disintegrated  Rock  or  Dry  Hard  Clay. 
Considerable  hand  work  or 

shooting $0. 75 

Solid  Rock. 

Blasting  open  cut,  per  cu.  yd.  $0 .  80   **   $2 .  00 

Tunnel  work $4 .  00   "    $5 .  00 

Retaining  Walls. 

Rough  dry  rubber  masonry  $1 .  00   "    $3 .  00 

Mortar  rubber $4 .  00   "   $8 .  00 

Concrete $6 . 00  "  $20. 00 

Timber  and  Lumber $30. 00  '*  $80. 00 

Carpenter  Work. 

Simple  structures $5 .00  "  $10.00 

Truss  framing,  etc $10.00  "  $20.00   " 
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Table  28. — Approximate  Cost  Per  Foot  or  Length  Small 

Drainage  Structures 


Size  of  Opening 


Kind  of  Structures 


Vitrified 
Pipe 


Corru- 
gated 
Metal 
Pipe 


Cast  Iron 
Pipe 


•  • 


Concrete 
Boxes 


Log 
Culverts 


12' 

15' 
18' 

24' 
36' 
48' 


or  16 


ff 


X 
X 
X 
X 
X 
X 
X 


$0.60 
0.90 
1. 10 
2.00 

3-75 


$1 


I 

I 
2 

4 
6 


25 
SO 
80 

75 
00 

50 


$2 
2 

3 
5 


00 
90 
40 

SO 


3.75 
4.80 

5  40 
6.00 

6.75 
8.00 

8.70 


$1.50 
1.70 


2 
2 

3 


30 
80 


00 
3-60 
4.00 


*  Based  on  $50  per  ton  in  place. 
**Ba5ed  on  $10  per  cubic  yard  in  place. 
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Culvert  Data. — ^Local  conditions  must  be  considered  in  prices  of 
materials,  haul,  etc.,  for  a  close  estimate. 

Table  50,  page  559,  g^ves  weights  of  corrugated  pipe. 

Table  49,  page  558,  gives  weights  of  cast  iron  pipe. 

Quantities  of  concrete  can  be  figured  from  standard  designs 
given  in  Chapter  III. 

Timber  in  superstructures  can  be  figured  from  standard  designs 
in  Chapter  III. 

The  summarized  data  shown  in  Table  28  will  however  act  as  a 
rough  guide. 

Amounts  of  masonry  in  two  abutments  and  four  wings  for 
various  heights  of  abutment  for  small  span  timber  bridge  super- 
structures with  16'  Roadway. 

H  =  height  from  bottom  of  foundation  to  bridge  seat. 


Cubic  Yards 

H  in  Feet 

Concrete 

Masonry 

6 

24  cu.  yd. 

29  cu.  yd. 

7 

32   "     " 

38"      " 

8 

40  "     " 

49  "      " 

9 

52   "     " 

60  "     " 

10 

62  "     " 

74  "     " 

12 

90  "     " 

los 

14 

'33   "     * 

153  "     " 

16 

180  "     " 

200 

18 

230  "     " 

260  "      " 

20 

295   "     " 

325  "      " 

Compiled  from  Plate  29,  page  119. 

Approximate  amount  of  timber  in  small  span  stringer  bridge  su- 
perstructures having  16'  roadway  and  figured  to  carry  a  20  ton 
load. 

(Figured  from  Plate  21,  page  104) 


Clear  Span                          Peet  B.  M. 

1 

Pounds  Hardware 

6  ft. 
8  " 
10  " 

14" 
18  " 

1000 
1400 
1700 
2500 
3300 

70  pounds 

90  " 
no  " 
130  " 
ISO       " 

Note. — For  timber  spans  30'  to  50',   see  Plates  22  and  23, 
pages  107  to  108. 
Pile  abutments  can  be  figured  from  Plate  21,  page  104. 
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Net  Volume  of  Logs  in  Board  Measure. — A  convenient  approxi- 
mate rule  for  computing  the  net  number  of  feet  board  measure  of 
sawed  timbers  in  logs  is  as  follows: 

Diameter  in  inches  X  radius  in  inches  _  Feet  (board  measure) 

1 2  per  foot  of  log. 

Eocample. 

Suppose  you  have  a  log  lo'  long  12"  in  diameter. 

—  =  number  of  feet  B.  M.  per  foot  of  log. 


12 
12  X  6 


12 


«  6  ft.  B.  M.  per  ft.  X  lo'  =  60  ft.  B.  M. 


Steel  Bridges. — The  following  diagrams  taken  from  various 
sources  will  serve  as  a  basis  for  rough  estimates  on  longer  span 
steel  highway  bridges.  They  are  figured  for  a  live  load  of  100  lb. 
per  square  foot  and  presumably  for  a  plank  floor.  They  are  of  much 
lighter  construction  than  called  for  on  heavy  traffic  roads  where 
solid  floors  and  a  heavier  loading  are  gaining  favor. 

Magnetic  DecHnation. — The  following  isogonic  charts  give  the 
approximate  magnetic  declination  for  States  east  and  west  of  the 
Mississippi  for  January  i,  1915.  The  yearly  change  is  given. 
These  charts  will  give  a  value  close  enough  for  preliminary  investi- 
gation purposes.  For  meridian  determination  for  location  surveys, 
see  Chapter  XI.    "Polaris"  and  "Solar  Meridians." 


Explanation  of  Plates  37  and  38  (Taken  from  U.  S.  Coast 

and  Geodetic  Chart) 

The  solid  lines  on  these  charts  are  lines  of  equal  magnetic  de- 
clination. 

The  dot  and  dash  lines  are  lines  of  equal  yearly  rate  of  change  in 
the  magnetic  declination. 

The  charts  show  the  magnetic  declination  for  Jan.  i,  1915. 

Lines  marked  East  Declination  mean  that  the  north  end  of  the 
magnetic  needle  points  east  of  true  north. 

Lines  marked  West  Declination  mean  that  the  north  end  of  the 
needle  p>oints  west  of  true  north. 

For  localities  east  of  the  line  of  no  annual  change  the  north  end 
of  the  magnetic  needle  is  moving  west.  For  localities  west  of  this 
line  it  is  moving  east  at  the  rate  shown  by  the  lines  of  annual 
change.  The  location  of  the  line  of  no  annual  change  is  shown  on 
Plates  38  and  37G. 
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Plate  37A. 


"^s^^ 


MAGNETIC  DECLINATION 
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Plate  37B. 


z. 
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PRELIMINARY  INVESTIGATION 
Plates  37  C  and  D. 


y        sy     y      /     /    vs 


MAGNETIC  DECXINATION 
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Plates  37  E  and  F. 
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Plate  37G. 


Plate  37  H. 
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Plate  37I. 
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The  following  sample  report  shows  a  form  in  oidioaiy  use  for 
Preliminary  Investigations  which  covers  the  information  required. 

REPORT  ON  PRELIMINARY  INVESTIGATION  OF  THE 

RED  GAP-BIG  BEAR  RANCH  HIGHWAY  IN 

PATERSON  AND  GRANT  COUNTIES, 

STATE  OF ,  1919 

State  Commissioner  of  Highways, 
Dear  Sir: 

Compljdng  with  your  request  of  May  loth,  a  preliminary  investi- 
gation of  the  proposed  Red  Gap-Big  Bear  Ranch  Highway  was 
made  June  ist  to  June  loth. 

There  is  only  one  feasible  route  via  Clear  River  Ranch,  Coal 
Basin,  Stray  horse  Divide,  See  Creek  and  Blackwater  river  a 
total  distance  of  30  miles.  This  route  is  free  from  ^now  seven 
months  in  the  year.  A  double  track  road  from  Red  Gap  to  Coal 
Basin  and  a  single  track  road  with  turnouts  and  permanent  drainage 
structures  for  the  remaining  distance  will  cost  approximately 
$175,000. 

In  case  the  entire  project  can  not  be  undertaken  by  one  appro- 
priation, I  recommend  the  following  order  of  construction  of  the 
various  sections  shown  on  the  accompanying  map  (page  317). 

First      in  importance G  4,  G  5, 

Second    "  '* G  7, 

Third      "  '*         G  6, 

Fourth    "  "         G  2,  G  3, 

Fifth       "  "         Gi,  Pi,  P2, 

Sixth       "  '*         P3,  P4, 

Seventh"  "         P  5, 

The  report  in  detail  follows. 

Signed, 
Field  Engineer. 
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I.  Introduction 

It  is  proposed  to  build  a  new  road  over  Stray  Horse  Divide  con- 
necting the  valleys  of  the  Clear  and  Blackwater  Rivers  and  to 
improve  Uie  location,  grade  and  width  of  the  existing  roads  in 
tJiese  valleys.  The  highway  will  extend  from  Red  Gap  in  Paterson 
County  to  Big  Bear  Ranch  in  Grant  County  a  distance  of  approxi- 
mately 30  miles.  It  will  open  up  a  valuable  farming  section  on 
the  upper  Blackwater  River  and  will  afford  more  direct  communi- 
cation between  these  two  counties. 

2.  Length  in  Counties  and  Benefits 

Paterson  County. — Red  Gap  to  Stray  Horse  Divide  8  miles. 

Grant  County. — Big  Bear  Ranch  to  Stray  Horse  Divide  22 
miles. 

Paterson  County  will  be  benefited  by  a  better  and  quicker  con- 
nection with  communities  to  the  south  and  by  the  large  amount  of 
tourist  travel  which  will  undoubtedly  use  this  road. 

Grant  County  will  gain  a  more  direct  route  to  an  isolated  por- 
tion of  its  territory  and  will  help  the  development  of  a  promising 
farming  section  on  the  upper  Blackwater  River. 

While  none  of  this  road  lies  in  Socorro  County,  this  county  will 
be  more  directly  benefited  than  Paterson  County  as  the  natural 
outlet  for  trade  and  produce  up  the  Blackwater  lies  toward 
Lochiel. 

3.  Methods  of  Investigation 

Field  Work. — The  entire  line  was  covered  twice  on  foot  June 
ist  to  loth,  noting  the  controlling  points  (aneroid  elevations)  the 
general  classification  of  materials,  the  sidehill  slopes  and  reason- 
.able  ruling  grades. 

OfEice  Work. — The  ofl5ce  estimate  is  based  on  paced  distances 
checked  by  Forest  Service  maps  and  maps  of  tne  Clear  River 
Railroad. 

The  excavation  per  running  foot  on  sidehill  work  is  based  on 
cross  slopes  taken  with  an  Abney  level  at  frequent  intervals  and  is 
figured  on  the  principle  of  balanced  sidehill  sections  adding  dif- 
ferent percentages  for  inequalities  in  profile. 

The  classification  of  excavation  is  made  roughly  from  notes  on 
the  general  character  of  the  formations. 

The  drainage  is  approximated  for  the  smaller  structures.  The 
larger  bridges  are  noted  in  more  detail. 

Estimates  have  been  prepared  for  various  widths  of  roadway. 

4.  Present  Condition  of  Roads  and  Trails 

Paterson  County  (Red  Gap  to  Stray  Horse  Divide). — ^Thcre 
is  a  fair  wagon  road  from  Red  Gap  to  Clear  River  Ranch  about 
2  miles  south;  a  solid  but  poor  wagon  road  from  this  point  to  Coal 
Basin;  a  fair  road  from  Coal  Basin  to  Stray  Horse  Station  and  a  well 
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marked  but  steep  trail  from  this  point  to  the  top  of  Stray  Horse 
Divide. 

Grant  County  (Stray  Horse  Divide  to  Big  Bear  Ranch)  .—There 
is  an  easy  trail  from  Stray  Horse  Divide  to  Blackwater  River  ap- 
proximately 8  miles;  a  very  poor  wagon  road  down  Blackwater 
River  from  See  Creek  to  Adams  Ranch  approximately  9  miles. 
The  road  between  these  points  crosses  the  nver  eight  or  ten  times 
by  fords  and  can  not  be  used  at  all  if  the  water  is  much  above  low 
stage.  Under  the  best  conditions  a  good  team  can  not  haul  over 
I   ton. 

From  Adams  Ranch  to  Big  Bear  Ranch  (about  5  miles)  the  road 
is  poor  and  dangerous  in  many  places.  It  is  so  steep  that  one  and  a 
half  tons  is  about  the  maximum  load  for  an  exceptionally  good 
team  under  the  best  conditions. 

While  this  project  ends  at  Big  Bear  Ranch  it  should  be  noted 
that  if  the  road  from  this  point  to  Lochiel  in  Socorro  County,  the 
nearest  railroad  point,  is  not  improved  the  value  of  this  project  will 
be  practically  lost.  The  present  road  to  Lochiel  is  dangerous, 
limits  a  team  load  to  about  i  K  tons  and  will  be  an  expensive  road 
to  improve.  I  estimate  roughly  that  $40,000  will  be  required  to 
put  it  into  reasonably  good  shape. 

5.  General  Topography 

• 

Paterson  County  (Red  Gap  to  Stray  Horse  Divide)  (See  photo- 
graphs No.  I  to  No.  10). — From  Red  Gap  south  for  about  2  J^  miles 
ihe  topography  is  abrupt.  Red  sandstone  and  conglomerate 
cliffs  and  dykes  hold  the  road  location  closely  to  the  Clear  River. 
From  this  point  to  about  one-half  mile  south  of  Coal  Basin  occa- 
sional cliffs  occur  but  a  careful  location  will  avoid  them  and  it  will 
be  possible  to  gain  some  elevation  along  the  sides  of  the  valley. 
From  the  point  to  Stray  Horse  Divide  and  for  a  couple  of  miles 
south  of  the  pass  there  are  no  cliffs  and  while  the  slopes  are  steep 
averaging  25  to  40**  the  location  can  be  placed  at  any  desired  eleva- 
tion.   This  strip  of  country  is  fortunately  favorable  to  location. 

Grant  County  (See  photos  No.  11  to  30). — From  Stray  Horse 
divide  to  Thompson's  Ranch  the  formation  is  favorable  for  location 
on  any  desired  grade.  Few  rock  outcrops  occur.  The  slopes  aver- 
age 20**  to  25°. 

From  Thompson's  Ranch  down  See  Creek  is  an  ideal  road  loca- 
tion. No  solid  rock,  very  little  loose  rock,  easy  water  grade.  The 
side  slopes  average  10°  for  one-half  the  distance  and  20°  for  the 
balance  of  the  way. 

From  the  junction  of  See  Creek  and  Blackwater  River  down  the 
east  side  of  the  Valley  to  Buck  Creek  the  location  is  easy  on  a  side- 
hill  averaging  25°  side  slope.  There  are  no  rock  outcrops  and  very 
little  loose  rock.    An  easy  grade  can  be  obtained. 

From  Buck  Creek  to  Spring  Creek  along  the  sidehill  on  the  east 
side  of  Blackwater  River  the  following  conditions  prevail.  Average 
sidehill  slope  30°;  one-half  mile  of  rock  ledge  slope  of  face  approx. 
60®.  Expensive  work  can  not  well  be  avoided  out.  an  easy  grade 
can  be  ootained. 
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From  Sptiag  Creek  to  Adams'  Ranch  the  formation  on  the  east 

side  of  the  valley  is  favorable  for  location  at  some  distance  away 
from  the  River.  A  ruling  grade  of  s  %  can  be  obtained  at  the  worse 
places  and  ordinarily  the  grade  is  light.  Benches  and  sjdehill 
slopes  are  easy  averaging  15  for  J^  the  distance  and  30°  for  the 
remainder. 

From  Adams'  Ranch  to  Big  Bear  Ranch  the  best  location  lies 
on  the  west  side  of  the  valley.  Difficult  country  is  encountered, 
heavy  scrub  oak  brush,  many  large  boulders  and  considerable  solid 
rock.  The  River  changes  its  channel  frequently  and  any  permanent 
road  location  must  be  placed  beyond  its  reach  Decessitating  ex- 
pensive work. 

The  natural  soil  from  Big  Bear  Ranch  to  Adams'  Ranch  is  very 
slippery  when  wet.  To  get  a  good  safe  road  Creek  Gravel  should  be 
used  as  surfacing.  Unless  the  roadbed  is  sloped  toward  the  hill 
(one  way  crown)  any  of  this  location  will  be  dangerous  in  wet 
weather.  This  same  condition  appdies  in  a  less  marked  degree  all 
the  way  up  Blackwater  River  to  See  Creek. 

6.  Proposed  General  Route 


rise  and  fall  to  the  first  crossing  of  the  Qear  River  about  i  %  miles 
south  of  Red  Gap.  From  this  point  to  the  mouth  of  the  Canyon 
ffbout  }i  mile  the  location  is  open  to  argument.  The  existing  road 
crossed  the  river  twice  (see  sketch  above).  Both  of  these  bridges 
were  wrecked  by  the  flood  of  191S  and  temporarily  the  travel  is 
using  the  railroad  track  between  these  points. 

With  the  permission  of  the  railroad,  it  would  be  possible  to  widen 
out  the  cut  on  the  west  side  of  the  track  and  tunnel  or  half  tunnel 
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for  about  500  feet  uotmd  the  rock  bluff  point,  eUminating  the  two 
bridges  and  two  railroad  crossings.  On  the  other  hand  the  road 
would  be  very  close  to  the  track  for  H  mile  and  would  in  my  opin- 
ion be  more  dangerous  for  horse  traffic  than  the  old  location  re- 
quiring two  bridges.    The  bridge  location  is  recommended. 

From  the  mouth  of  the  gorge  the  road  will  follow  approximately 
the  location  of  the  present  highway  to  the  top  of  canyon  hill  and 
thence  on  a  new  location  along  the  west  side  of  the  Clear  River  Valley 
to  Stray  Horse  Divide, 

Gnnt  County. — Beginning  at  the  County  line  at  Stray  Horse 
divide  a  new  location  will  follow  down  the  north  side  of  See  Creek 
to  a  point  about  2^  miles  southwest  of  Thompson's  Ranch  and 
thence  along  the  south  and  east  side  of  See  Creek  and  Blackwater 
River  to  Adams'  Ranch.  At  Adams'  Ranch  the  road  will  cross  to  the 
west  side  of  the  vaUey  and  remains  on  this  side  to  Big  Bear  Ranch 
the  end  of  the  proposed  improvement  varying  somewhat  from  the 
location  of  the  present  road  to  better  short  sharp  grades  and  to 
avoid  Creek  flood  areas. 

7.  Controlling  Points  (Aneroid  Elevations) 

Patenon  Comity. 

Stray  Horse  Divide 9200 

Bench  between  Cliffs  at  Coal  Basin 8200 

Top  of  Canyon  Hill 8100 

Bottom  of  Canyon  Hill 7930 

Red  Gap 7800 

Grant  County. 

Stray  Horse  Divide 9200 

Thompson's  Ranch. 7900 

2  J^  miles  S.  W.  of  Thompson's 7500 

(See  Creek  Crossing.) 
Bench  between  Cliffs  between 

Buck  and  Spring  Creek 7150 

Adams  Ranch 6780 

Big  Bear  Ranch 6600 

8.  Description  of  Location  Problems  Between  Controlling  Points 

Paterson  County 

Stray  Horse  Divide  to  Coal  Basin. — The  difference  in  elevation 
of  these  two  points  is  approximately  1000  feet.  The  direct  dis- 
tance is  about  ifi  miles.  In  order  to  get  a  good  ^rade  and  come 
somewhere  near  Coal  Basin,  which  is  probably  desirable,  it  will  be 
necessary  to  run  south  from  Stray  Horse  Divide  and  then  turn 
north.  In  this  way  any  required  ruling  grade  can  be  obtained  and 
the  length  of  road  will  depend  entirely  on  the  grade  selected.  The 
switchlxu^k  can  be  made  without  too  great  cost  by  a  careful  loca- 
tion. I  recommend  a  5  %  grade  with  a  length  of  4  miles.  The  road 
in  general  will  follow  the  contours.    Two  pronounced  galleys  are 
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crossed  which  can  be  bridged  or  filled  as  determined  on  the  location 
survey. 

By  the  use  of  a  6%  to  7%  grade  it  is  possible  to  run  direct  from 
Stray  Horse  Divide  to  the  top  of  Canyon  Hill.  This  solution  should 
be  carefully  investigated  but  does  not  appeal  to  me  to  be  as  good  as 
the  5%  location  as  the  topography  is  not  as  favorable  for  location 
and  while  it  is  shorter  the  lighter  grade  is  to  be  preferred  and  the 
extra  length  of  road  south  of  the  divide  will  be  utilized  in  the  future 
as  a  part  of  the  road  to  Stone  Quarry. 

Coal  Basin  to  Top  of  Canyon.  Hill.— Approximate  length  i Ji 
miles.  Along  contour  of  steep  sidehill  for  approx.  %  mile  and  then 
along  bench  cut  up  by  small  swales  and  knol&.  No  special  features. 
Grade  any  convenient  to  fit  topography.  No  grade  problem  on 
this  section.  Excavation  largely  earth  and  loose  rock.  One  20' 
span  bridge  required. 

Top  of  Canyon  Hill  to  Bottom  of  Canyon  Hill  at  Mouth  of  Gorge. — 
Approximate  length  0.6  mile.  Along  side  of  Canyon  following 
present  highway  closely.  Largely  a  question  of  equalizing  grade 
by  cut  and  fill.  From  Aneroid  elevations  and  Abney  level,  I  judge 
that  a  6%  grade  can  be  obtained.  Certainly  a  7%  can  be  built. 
This  section  of  the  road  will  be  expensive  and  will  govern  the  ruling 
grade  from  Red  Gap  to  Stray  Horse  Divide.  The  excavation 
will  be  approximately  50%  solid  rock.  One  20'  span  bridge  will 
will  be  required. 

Moutli  of  Gorge  (at  Bottom  of  Hill)  to  Red  Gap. — ^Approximate 
length  2  miles.  From  mouth  of  gorge  Ji  mile  south  to  wagon 
road  on  the  west  side  of  the  river  the  location  is  the  most  expensive 
of  the  entire  project.  This  strip  will  require  either  two  Tbridges 
or  heavy  rock  work  as  previously  discussed.  The  bridges  are 
recommended.  From  this  point  to  Red  Gap  there  are  no  difiicult 
problems  as  the  road  will  follow  in  general  the  present  location  and 
can  be  cheaply  built.  Another  bridge  at  Red  Gap  will  better  the 
location  and  increase  the  convenience  of  the  road. 

Grant  County 

Stray  Horse  Divide  to  Thompson's  Ranch. — The  difference 
in  elevation  is  approximately  1300  feet.  It  is  desirable  to  get  down 
to  a  natural  bench  at  Thompson's  ranch.  The  length  of  road 
between  these  points  will  depend  on  the  ruling  grade  selected. 
As  it  is  a  long  climb  I  reconmiend  5%  with  a  length  of  5  miles 
which  can  be  obtained  with  one  switchback  turn.  The  country 
is  favorable  for  location.  Excavation  is  largely  earth  and  some 
loose  rock. 

Thompson's  Ranch  to  See  Creek  Crossing. — Approximate  length 
2  3^  miles.  Ideal  road  location  on  bench.  Easy  grade.  Excava- 
tion practically  all  earth.  Plow  and  machine  scrapper  work. 
No  grade  problem.    One  20'  span  bridge  required. 

See  Creek  Crossing  to  Buck  Creek. — Easy  sidehill  location  except 
for  3^  mile  of  rock  ledge  near  Buck  Creek.  The  location  should 
keep  upon  the  sidehill  to  avoid  abrupt  river  banks  and  slides 
due  to  freshet  scour. 
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Buck  Creek  to  Adams'  Randi. — Easy  sidehill  and  bench  location. 
No  difficulty  in  obtaining  grades  less  than  the  maxinrnm.  Ex- 
cavation earth  and  loose  rodk. 

Adams'  Ranch  to  Big  Bear  Ranch. — Location  problem  one  of 
protecting  road  from  River  floods,  also  avoiding  ledge  and  large 
boulder  rock  work.  No  hard  grade  problem.  Excavation  50% 
loose  rock,  boulders  and  solid  ledge. 

9.  General  Recammendatioiis  and  Costs 

The  cost  of  construction  under  present  conditions  is  un<iertain. 
The  prices  used  in  the  following  detail  estimates  should  be  carefully 
noted  in  considering  the  possibility  of  cheapening  the  work  by  the 
use  of  convict  labor.  The  costs  used  are  for  contract  work  and  may 
vary  greatly  in  a  short  time. 

I  recommend  for  this  project  a  double  track  sidehill  section 
(S-14')  from  Big  Bear  Ranch  to  Coal  Creek;  a  single  track  sidehill 
section  (S-io)  with  turnouts  from  Coal  Creek  up  to  Blackwater 
River,  See  Creek  over  the  Divide  and  down  to  the  top  of  Canyon 
hill  in  Paterson  County.  A  double  track  road  from  this  point  to 
Red  Gap.  Permanent  culverts  and  bridges.  Ruling  grades  of  short 
7%  and  long  5%.  Alignment  limited  as  a  rule  to  a  minimum 
curvature  of  100'  radius  with  a  few  40'  radii  at  exceptionally  bad 
places. 

The  cost  of  this  type  of  road  is  estimated  at  approximately 
$175,000  divided  as  follows: 

Gearing  and  excavation $108,000 

Permanent  culverts 20,000 

Permanent  bridges  over  10'  span 35>ooo 

Engineering 12,000 

Total $1 75,000 

K  it  is  not  possible  to  construct  the  entire  project  by  one  ap- 
propriation it  would  be  well  worth  while  to  build  from  Big  Bear 
Ranch  to  See  Creek  at  once  to  open  up  the  new  farming  section 
on  the  Upper  Blackwater.  The  cost  of  this  portion  of  the  road 
would  be  about  $70,000. 

For  details  and  various  combinations  of  design  see  the  following 
estimates  by  sections. 

10.  Detail  Estimates 

Classification  of  Materials. — The  classification  of  excavation  can 
not  be  accurately  made;  it  is  based  on  the  following  assumptions. 

Where  the  road  is  located  on  a  bench  near  the  bottom  of  a  slope 
which  appears  to  be  slide  or  wash  formation  and  no  rock  outcrops 
are  visible  the  excavation  is  classed  as  99%  common  and  i  %  rock. 

Where  the  location  is  on  a  steep  main  mountain  slope  of  25° 
to  35°  covered  with  loose  rock  but  no  solid  rock  outcrops  are  visible 
the  assumption  has  been  that  solid  rock  will  be  encountered  6 
feet  back  of  the  slope  surface. 
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Where  occasional  outcrops  occur  rock  is  assumed  4  feet  back 
of  the  surface. 

Any  extended  rock  ledge  has  been  noted. 

Unit  Prices 
Clearing 

Sage  brudi $  30  per  mile 

Light  brush  and  trees $  30   "    acre 

Medium  brush  and  trees $100 
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Excavation 

Solid  rock $1 .00  to  $1 .  50  per  cu.  yd. 

Tunnel  rock 4.00   "     " 

Common  Exc. 

Turnpike  in  earth 0.18 

Sidehill  plow  and  scrapper o. 30  to  o. 40  " 

Wagon  haul  and  scrapper 0.40 

Concrete $12.00  '*    "     " 

18"  corrugated  pipe 2 .  00  "•       foot 

Rough  rubber  retaining  wall 2 .  00  "  cu.  yd. 

Dillon  into  Sections. — For  the  purpose  of  estimating  the  road 
is  divided  into  the  following  sections. 

Paterson  CouNxy 

Sec.  P-i  Stray  Horse  Divide  to  Coal  Basin 4.0  miles 

Sec.  P-2  Coal  Basin  to  top  of  Canyon  HiU 1.8       " 

♦Sec.  P-3  Canyon  Hill 0.6       " 

*Sec.  P-4  Canyon  Hill  to  Clear  River  Ranch o.  25     " 

*Sec.  P-s  Clear  River  Ranch  to  Red  Gap i .  75 


IC 
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Total  Paterson  Co 8.40 

Grant  County 

Sec.  G-i  Stray  Horse  to  Thompson's  Ranch 5 .0  miles 

Sec.  G-2  Thompson's  Ranch  to  See  Creek  Crossing. ...  2.5 

Sec.  G-3  See  Creek  Crossing  to  Blackwater  River i .  o 

*Sec.  G-4  See  Creek  and  Blackwater  to  Buck  Creek 2.5 

*Sec.  Gr-5  Buck  to  Spring  Creek 2.0 

*Sec.  G-6  Spring  Creek  to  Adams'  Ranch 4.5 

*Sec.  G-7  Adams'  Ranch  to  Big  Bear  Ranch 4.3 


Total  21.8 


(( 


NoTE.~See  map  for  location  of  these  sections.  The  sections 
marked  with  a  *  have  a  poor  wagon  road  at  present  which  however 
can  be  used.  Sections  having  no  star  require  new  construction 
to  permit  wagon  traffic. 
Estimate  <»  Sections.  Section  P-i. — (Length  4.0  miles.) 
Clearing. — Six  acres  per  mile  for  3  miles  «  18  acres  @  $100  ^ 
$1800. 
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DnJaa£& — Say  10  culverts  piei  mile  fen  4  miles  @  $700  per 

mile  =  $2  800. 

Ezcavatioii  (or  Double  Tnck  Road. — Sidehill  slope  averages  37°. 
Eicavation  per  mile  for  balanced  secdon  S  =  14  equals  approxi- 
mately 13,000  cu.  yd.  tor  a  1:1   cut   slope   which  is  considered 
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safe  for  this  material.  Add  a;  %  for  inequalities  of  profile  giving 
i6,3oocu.  yd.  per  mile  or  55,000  cu.  yd.  for  4  miles.  Itisestimated 
that  20%  of  Uiis  or  11,000  cu.  yd.  are  rock  eicavation  and  the 
baknce  44,000  cu,  yd.  i 
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44,000  cu.  yd.  common  @  $0.40 $17,600 

11,000  "     "    rock         @     1.20 13,200 

Total  excavation $30,800 

Excavation  for  Single  Track  Road  S-io. 

Exc.  per  mile  balanced  section. . .     7,400  cu.  yd. 
Add  for  profile  25% 1,850  "     " 

9,200  "     " 

Assume  10%  rock 900  "     "  per  mile 

Assume  conmion  exc 8,300  **     "      "      " 

Cost  of  Excavation  for  4  miles. 

3,600  cu.  yd.  rock                 @  $1 .  50 $5,400 

33,000"     "    conmion          ©$0.33 ii,ooo 

Add  for  turnouts  5  to  the  mile 

500  cu.  yd.  rock  @  $1 .  20 600 

1,500  "     "  common  @  $0.40 600 

Total $17,600 

Summaiy  of  Cost  Section  P^i. 

Double  Track  Road  Single  Track  Road 

Clearing $  1,800      Clearing $  1,800 

Drainage 2,800      Drainage 2,800 

Excavation 30,800      Excavation 17,600 

$3S»4oo  $22,200 

Contingencies, 
wall,  etc. .....       2,600      Contingencies 1,800 

$38,000  $24,000. 

Equals  $9500  per  mile  Equals  $6000  per  mile 

Estimate  Section  P-2. — (Length  1.8  miles.) 
o .  8  miles  similar  to  section  P-i 
1 .0  miles  average  side  slop>e  15°  « 

Estimate  of  the  easy  mile  (side  slope  15**) 

Clearing  6  acres  @  $50. . T $300.00 

Drainage  (ordinary) 500 .  00 

20'  span  bridge 800 .  00 

Excavation  (see  S-14)  3300  cu.  yd.  per  mile 

Add  for  profile  25  %       800" 


It     tt      It 


4100  "     "     "      " 

Rock  excavation  100''     "    @  1.50 $150.00 

Common  excavation    4,000  "     "      "0.30 1200.00 

$2950.00 
Contingencies 150.00 

Total $3100.00 
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Summaxy  P-i. 

Double  Track  ^^^  SmoLE  and 

Part  Double 
0.8    miles    similar    to    P-i 
@  $9500  per  mile  =  $7,600 

@  $6000  per  mUe  =e  $4800.00 

i.o    miles   as   per 
estimate  above.. . .     3,100  3100.00 

$10,700  $7900.00 

Say 1 1,000  Say. . .         8000 . 00 

Estimate  Section  P-3. — (Length  0.6  miles.)    Double  track  road 
based  on  hand  level  profile. 

Clearing  3  acres  @  lioo $  300.00 

3000  cu.  yd.  common  @  $0.40 1200.00 

3000"     "    rock©  $1.25 3750.00 

Ordinary  drainage 500 .00 

1  20'  span  bridge 800 .  00 

$6550.00 
Contingencies 150 .00 

Total $6700.00 

Estimate  Section  P-4. — (Length  o .  25  miles.) 

Estimate  Wo.  i. — Based  on  location  requiring  two  bridges  over  the 
Clear  River. 

Clearing $       20 .  00 

1000  cu.  yd.  common  exc.  ®  $0.40 400.00 

200   "    "    rock  @  $1.50 300.00 

400    "    "    rip-rap  @  $1.00 400.00 

2  (80'  span  sohd  floor  steel  truss  bridges) 16,000. 00 

I  (20'  span  concrete  bridge) 800.00 

$17,920.00 
Say 18,000 .  00 

Estimate  No.  2. — Based  on  half  tunnel  west  of  track. 

Clearing $30.00 

5000  cu.  yd.  of  conmion  exc.  @  $0.40 2,000.00 

4500  "     "  rock  tunnel  work  @  $4.00 18,000.00 

Stone  wall  between  track  and  road 900 .  00 

$20,930.00 

Say $21,000.00 

Estimate  Section  P-5. — (Length  i .  75  miles.)    Double  track  road. 
Approximately  same  cost  per  mile  as  Section  P-2  on  the  easy  mile. 

1.75  miles  @  $3100  per  mile $  5,425.00 

Posdble  bridge  at  Rip  Gap 8,000.00 

$13,425.00 
Say $14,000.00 
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Summary  of  Costs,  Paterson  County 


Section 
P-i 

P-2 

iP-4 
^P-5 


Engineering 


Double  Track 

Single 

Track   Road 

WITH  Turnouts 

$38,000 

$24,000 

$11,000 

8,000 

7,000 

18,000 

14,000 

$88,000 

4,000 

Total  appropriation        $92,000 

Estimated  total  cost  for  double  track  road  Sec.  P-3,  P-4  and  P-5 
and  single  track  road  to  the  divide  Sec.  P-i,  and  P-2  is  $75,000. 

Estimated  cost  of  cheap  single  track  road  connecting  present 
road  to  the  divide  Sec.  P-i  and  P-2,  with  temporary  drainage 
structures  and  6%  ruling  grade  instead  of  5%  $25,000, 

Cost  Estimate,  Grant  County 

In  a  similar  manner  detail  estimates  are  made  for  the  sections 
in  Grant  County  as  sunmiarized  below.  These  estimates  can  be 
found  in  computation  file  F-32.  They  are  not  included  in  this  re- 
port as  they  are  bulky. 

Summary  of  Costs,  Grant  County 


Section 

Double  Track 

Single  Track  (S-io) 

(S-14) 

With  Turnouts  (S-14) 

G-I 

$  32,000 

$  22,000 

G-2 

33,000 

3,000 

S-3 

5,000 

3,000 

G-4 

10,000 

7,000 

G-5 

20,000 

12,000 

G-6 

26,000 

20,000 

G-7 

36,000 

25,000 

$132,300 

$  92,000 

Engineering. .  .  . 
Appropriation. . 

7,700 
$140,000 

8,000 

$100,000 

Total  Summary  of  Recommended  Construction 

Paterson  County $  75,000 

Grant  County 100,000 

Total $175,000 

1  Sections  have  usable  wagon  road  at  present. 
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RECONNAISSANCE  SURVEYS 

The  methods  described  for  ordinary  investigations  can  be  used 
for  most  cases  but  for  heavily  wooded  country  or  extremely  difficult 
and  rough  topography  a  more  careful  survey  is  desirable. 

Methods. — For  open  barren  country  the  transit  stadia  method  is 
preferred  by  the  author  using  magnetic  bearings,  stadia  distance, 
vertical  angle  profile  and  cross  slopes  and  ordinary  note  book 
sketches  and  recording.  The  map  is  plotted  up  on  a  scale  1000  ft. 
to  the  inch  and  the  profile  100'  to  the  inch.  Ijie  line  is  marked  in 
the  field  by  tall  stakes  or  lathes  with  a  strip  of  cloth  attached. 

Work  of  this  kind  can  be  done  by  two  men  with  very  simple 
equipment.  In  remote  regions  a  third  man  to  move  and  care 
for  camp  equipment  is  required  (see  Chapter  XII). 

Engineering  Equipment 

Light  mountain  transit  with  stadia  and  verticle  circle. 

Light  stadia  rod,  8'  to  10'  long. 

Camera. 

Note  books,  maps,  etc. 

100'  steel  tape. 

2  aneroid  barometers. 

For  heavily  wooded  country  the  U.  S.  Geological  methods  are  the 
cheapest  and  most  satisfactory  using  a  light  15"  sketch  plane  table 
and  tripod  oriented  with  a  magnetic  needle;  6"  gun  sight  alidade; 
500'  linen  tape  coated  with  paraffin  for  distance.  Aneroid  inter- 
mediate elevations  checked  by  flying  lines  of  spirit  levels  or  stadia 
levels  along  trails. 

The  main  advantage  of  this  method  is  that  it  requires  no  cutting 
as  direction  is  obtained  by  sighting  by  ear  to  a  yell  or  whistle. 
It  a^o  gives  a  complete  contour  map  of  all  the  territory  that  the 
road  can  possibly  traverse  and  makes  it  possible  to  lay  out  a  better 
final  location  than  any  amount  of  scouting  where  the  engineer 
depends  on  his  memory  and  sense  of  direction  for  his  final  location. 
The  projected  line  is  then  followed  with  a  rough  plane  table  traverse, 
slopes,  etc.,  taken  and  the  estimate  made. 

Work  of  this  kind  can  be  done  by  two  men  with  very  simple 
equipment  for  a  cost  ranging  from  $10  to  $30  per  square  mile 
mapped.  A  convenient  scale  to  work  on  is  2000'  to  the  inch  and  a 
contour  interval  ranging  from  10'  to  50'. 

A  third  man  to  move  and  care  for  camp  is  desirable. 

Engineering  Equipment 

15"    Plane  table  with  tripod. 

500'  Linen  tape. 

6"      Gun  sight  alidade  in  leather  case. 

100    Steel  tape. 

Plane  table  map  paper. 
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1        Aneroid  barometers 

Light  mountain  transit  with  stadia   (for  flying  levels). 
Sudia  ri>d. 
Conclusion. — It  should   be  borne  in  mind   that  if  engineering 
is  to  be  of  value  it  must  be  thorough  and  that  new  locations  will 
often  fix  toads  foi  generations. 


^jsftoWn  in  Daifed  Lines. 

(Artas  nofKin>rab/t  ■for     ^^ 
Location  Hafehtd  thus         iff 


Fig,  6i. — Sample  plane  table  map. 

There  should  be  so  hesitation  in  spending  what  ever  is  needed 
even  if  it  seems  all  out  of  propwition  to  the  cost  of  the  actoal  con- 
struction work  to  be  perEormed  within  a  year  or  so.  Government 
Erograma  carry  out  this  principle  and  they  are  often  criticised  for 
^h  engineering  cost  but  it  is  well  worth  while  looking  to  the  future. 
The  engineering  program  must  be  complete  or  it  might  just 
as  well  be  discarded  entirely. 


CHAPTER  XI 

THE  SURVEY 

The  chapter  on  survey  will  be  handled  under  two  main  divisions: 
(a)  Improvement  of  existing  roads. 
lb)  Location  of  new  roads. 

(a)  FOR  THB  IMPROYBMBNT  OF  EXISTING  ROADS 

As  the  survey  furnishes  the  information  for  the  design,  it  must 
be  carefully  made  in  regard  to  the  essential  features.  These  are 
alignment,  levels  and  cross-sections,  drainage,  iiiformation  con- 
cerning foundation  soils,  available  stone  supply,  available  sand, 
gravel,  filler,  etc.;  direction  and  amount  of  traffic,  railroad  un- 
loading points,  the  location  of  possible  new  sidings,  and  such 
topography  along  the  road  as  will  have  a  bearing  on  the  design. 
The  survey  should  be  made  not  more  than  a  year  before  construc- 
tion starts  and  during  the  open  season,  as  a  snowfall  of  any  depth 
makes  the  work  unreliable  and  only  fit  for  a  rough  estimate. 
When  contracts  based  on  winter  surveys  are  awarded  it  is  alwa}^ 
necessary  to  take  new  cross-sections  to  insure  a  fair  estimate  of 
the  excavation. 

A  party  of  five  men  is  a  well-balanced  force  for  surveys  of  this 
character. 

Force  EquiptnetU  Stationery 

Engineer  Transit  Reports 

Instrument  man    Level  Pencils 

Three  helpers         2  100'  steel  tapes  Notebook 

3  50'  metallic  tapes  U.  S.  G.  S.  map. 
3  pickets 

2  level  rods  Stakes 

Pocket  compass  For  preliminary  survey 

Hatchet  1 10  stakes  per  mile 

Sledge  For  construction 

Axe  •  220  stakes  per  mile 
Keel 

The  Center  Line. — The  placing  of  the  center-line  hubs  (transit 
points)  requires  good  judgment  and  should  be  done  by  the  chief  of 
the  party.  In  locating  them  he  considers  the  principles  of  align- 
ment discussed  in  Chapter  I.  The  hubs  are  placed  at  tangent 
intersections  and  sometimes  at  the  P.  C.'s  and  P.  T.'s  of  curves 
and  are  referenced  to  at  least  three  permanent  points  that  will  not 
be  disturbed  during  construction.  (See  sample  page  of  notes. 
Fig.  62.) 

The  deflection  angles  at  the  tangent  intersections  are  usually 
read  to  the  nearest  minute,  taking  a  double  angle  to  avoid  mis- 
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takes;  the  magnetic  bearing  of  each  course  is  recorded.  For  all 
deflection  angles  over  4°  it  is  good  practice  to  figure  and  run  in 
on  the  ground  the  desired  curve.  Curves  with  central  angles 
of  less  than  4°  can  be  run  in  with  the  eyie  during  construction. 

The  center  line  is  marked  at  intervals  of  either  fifty  or  one 
hundred  feet  (see  cross-section,  page  325)  in  any  convenient 
manner;  the  alignment  of  these  points  should  be  correct  to  within 
0.2  and  the  distance  along  the  line  to  within  o.i  per  100  feet  of  the 
length;  any  attempt  to  get  more  accurate  stationing  is  a  waste  of 
time.  The  chaining  may  be  done  on  the  surface  of  the  ground 
up  to  a  grade  of  5  %  with  no  objectionable  error;  beyond  that  slope, 
however,  the  tape  should  be  leveled  and  plumbed.  ^  Steel  tapes 
should  be  used  for  chaining  the  center  line  and  referencing  the  hubs 
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Pig.  62. — Alignment  notes. 

A  convenient  method  of  marking  the  actual  center  line  sta- 
tions is  to  use  a  nail  and  piece  of  flannel;  red  flannel  for  the  100' 
stations  and  white  flannel  for  the  intermediate  50'  stations,  if 
needed.  Where  the  soU  is  sandy,  or  muddy,  and  these  nails  would 
be  kicked  out  or  covered,  a  line  of  stakes  can  be  set  outside  of  the 
traveled  way  on  a  specific  offset  from  the  center  line.  However, 
if  an  offset  line  is  used  the  chaining  of  all  curves  should  be  done 
on  the  center  line  to  insure  a  correct  center  line  distance  and  the 
stakes  placed  radially  on  the  desired  offset.  Railroad  spikes 
make  good  permanent  transit  points  and  are  easily  placed. 

At  tiie  same  time  that  the  line  is  run  it  is  just  as  well  to  paint 
the  100'  station  numbers  on  any  convenient  place  where  they 
can  be  readily  seen,  as  stations  marked  in  this  manner  make  it 
much  easier  to  sketch  in  the  topography  than  if  marked  in  chalk 
on  stakes,    ^so,  if  the  stations  are  permanently  marked  it  is 
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easier  for  the  construction  engineer  to  pick  up  the  transit  points 
at  some  future  time. 

A  party  of  five  men  will  run  from  two  to  four  miles  of  center 
line  a  day»  the  speed  depending  upon  the  number  of  curves  and 
length  of  tangents,  if  the  hubs  have  been  previously  placed  and 
referenced.  H  the  hubs  are  placed  at  the  same  time  the  line  is 
run,  the  work  is  greatly  delayed. 

Two  men  can  place  and  reference  the  transit  points  at  the 
tangent  intersections  at  the  rate  of  from  four  to  ten  miles  per 
day. 
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Pig.  63. — Bench  level  notes. 

Levels  and  Cross-Sections. — Bench  levels  are  run  in  the  usual 
manner;  the  levels  will  be  sufficiently  accurate  if  the  rod  is  read 
to  tiie  nearest  o.oi';  for  such  work  any  good  level  and  a  self-read- 
ing rod  graduated  to  hundredths  are  satisfactory.  Benches  are 
established  at  intervals  of  1000-1500  feet;  they  must  be  substantial, 
well  marked,  and  so  situated  as  not  to  be  disturbed  during  construc- 
tion. A  small  railroad  spike  in  the  root  of  a  tree,  a  large  boulder, 
or  the  water  table  of  a  building  make  good  benches. 

The  bench  levels  may  be  referred  to  some  local  datum  in  general 
use  or  to  the  U.  S.  levels,  or  the  datum  can  be  assumed.  In  run- 
ning bench  levels  it  is  better  to  use  each  bench  as  a  turning  point, 
as  side-shot  benches  may  be  wrong  even  if  the  line  of  levels  is 
correct. 

Cross-sections  are  taken  at  either  100'  or  50'  intervals,  at  all 
culverts,  possible  new  culvert  sites,  and  any  intermediate  breaks 
not  shown  by  the  normal  interval.  Enough  sections  are  taken 
to  show  the  constantly  changing  shape  of  the  road. 

TTie  distance  of  the  shots  from  the  center  line  of  the  road  is  read 
to  the  nearest  1,0'  where  the  ground  has  no  abrupt  change  of  slope 
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and  to  the  nearest  0.5'  where  there  is  a  well-defined  abrupt  change. 
The  elevations  are  read  to  the  nearest  o.i'.  The  sections  should 
extend  from  fence  line  to  fence  line,  or  in  villages  from  sidewalk 
to  sidewalk,  and  the  position  of  the  pole  lines,  tree  lines,  curbs, 
etc.,  noted.  Engineers  differ  as  to  whether  the  sections  should  be 
taken  at  a  normal  interval  of  50'  or  100'. 

Table  29  gives  the  difference  in  the  computed  quantity  of  earth- 
work using  50'  and  100'  sections  with  intermediate  sections  at  well- 
defined  breaks  in  the  grade. 

Table  29 


Length 

Charac- 

Excava- 

Excava- 

Appro- 
ximate 
Differ- 
ence 

Percent 

Name  of  Road 

Figured 

ter  of 

tion  so' 

tion  xoo' 

of  Differ- 

Road 

Section 

Section 

ence 

Cu.  Ft. 

Cu.Ft. 

Cu.Ft. 

ScotUville 

Mtunford   ... 

X 

mile 

flat 

61,444 

6x,99S 

550 

+  A% 

Scottsville 

Mumford    . . . 
Leroy 

Caledonia 

•Leroy 
Caledonia 

I 

u 

hilly 

1x1,109 

xxi,7oo 

600 

+   J% 

X 

ft 

rolling 

57,840 

6o,s6o 

2700 

+  4i% 

i 

u 

flat 

77.841 

78,659 

800 

+  1  % 

Clarence 

Center 

X 

u 

rolling 

73,727 

73,048 

700 

-I  % 

Clarence 

Center 

I 

1* 

flat 

38,037 

39,415 

X400 

+  3A% 

Lockport 

• 

Tonawanda    ... 

X 

II 

flat 

59,096 

59,470 

400 

+  A% 

•East  Henrietta 

Rochester 

I 

«l 

rolling 

37,275 

36,075 

xaoo 

-3J% 

The  following  tabulation  shows  the  variation  for  shorter  sections 
of  the  starred  roads. 


Name  -  Station 

of       and       to 
road  Station 


Leroy 

Caledonia,    80-  90  . 

"     90-100  . 

"     loo-iio  .' 

"     iia-120  . 

Total  and  averages 

East  Henrietta 

Rochester,       0-19  . 

"  32-49  . 

"  49-^  . 

Total  and  averages 


Quantities 
by  so' Sec- 
tions 


Cu.  Ft. 

I9»ISI 

21,915 

21,555 
15,220 

77»84i 

14,625 
11,950 
10,700 

37,275 


Quantities 
by  100' 
Sections 

Approx- 
imate 
Difference 

Cu.Ft. 

Cu.Ft 

19*525 

400 

23,415 
20,689 

1500 
900 

15,030 
78.659 

200 
800 

14,300 

300 

",575 

350 

10,200 
36,075 

500 
1200 

Per  cent  of 
Diffierenoe 


+  a  % 

+  7  % 

-4  % 

+  1  %• 

-a  % 

-3  % 

-S  % 
-3i% 
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The  question  of  quantities  is  not  the  only  factor  in  determining 
the  interval.  Where  it  is  important  to  fit  the  local  conditions, 
as  in  a  village,  or  to  utilize  an  old  hard  foundation,  the  designer 
is  helped  by  50'  sections. 

In  taking  cross-sections  the  work  becomes  mechanical,  and  un- 
less the  engineer  in  charge  is  unusually  alert  to  all  the  inter- 
mediate changes  better  results  will  be  obtained  by  the  use  of 
the  shorter  interval.  For  these  reasons  the  author  believes  that 
a  50'  interval  is  advisable  except  on  long  uniform  stretches  of 
road. 

A  part^  of  three  men  will  run  from  4000  to  7000  feet  of  50' 
cross-sections  per  day;  a  party  of  four  men  from  5000  to  9000  feet, 
depending  on  the  country. 
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Pig.  64. — Cross-section  notes. 


DRAINAGB 

The  drainage  notes  show  the  position  and  size  of  all  the  exist- 
ing culverts;  the  area  of  the  watersheds  draining  to  them  and  a 
recommendation  of  the  size  culvert  to  be  built;  the  location,  drain- 
age area,  and  size  of  desirable  new  culverts;  the  necessity  for  out- 
let ditches  and  their  length,  if  required;  the  elevation  of  flood 
water  near  streams,  and  the  condition  of  the  abutments  and  super- 
structure of  long-span  bridges.  The  cross-section  levels  are  sup- 
plemented to  show  these  points  fully.  Where  the  U.  S.  geological 
maps  are  available  the  areas  of  watersheds  can  be  easily  determined; 
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where  no  such  maps  have  been  made  the  drainage  areas  can  be 
easily  mapped  with  a  small  15"  plane  table  oriented  with  a  magnetic 
needle;  the  distances  can  be  paced  and  the  divides  determined  with 
a  hand  level.    One  inch  to  2000  feet  is  a  convenient  scale. 

The  drainage  scheme  should  be  carefully  worked  out  by  the 
Chief  of  Party,  as  the  possibilities  of  friction  with  local  people 
are  greater  on  this  part  of  the  design  than  any  other.  In  the 
chapter  on  Drainage  this  fact  was  mentioned  and  designers  were 
cautioned  not  to  use  new  culverts  unless  necessary. 
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TOPOGRAPHY 


The  topography  notes  show  the;,  features  of  the^  adjacent  terri- 
tory that  might  affect  the  design.  These  include  the  location 
of  buildings,  drives,  intersecting  roads,  streams,  railroads,  poles, 
trees,  sidewalks,  crosswalks,  and  property  lines.  The  names 
of  property  owners  are  recorded. 

A  simple  method  of  locating  these  points  is  to  refer  them  di- 
rectly to  the  previously  run  center  line  by  right-angle  offsets; 
such  notes  are  easily  taken  and  quickly  plotted. 

In  taking  the  topography  the  plus  stationing  along  the  center 
line  and  the  offset  distances  to  all  points  inside  of  the  road  fences 
should  be  measured  by  tape  to  the  nearest  foot;  the  distances 
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to  and  the  dimensions  of  buildings,  etc«,  outside  of  tliese  limits, 
can  be  paced  or  estimated;  the  bearings  of  the  property  lines 
can  be  read  near  enough  with  a  pocket  compass,  except  for  right- 
of-way  surveys  which  are  described  on  page  333. 

The  instruments  needed  for  work  of  this  kind  are  a  pocket 
compass  reading  to  2°,  steel  picket,  and  metallic  tape. 

Two  experienced  men  will  take  from  two  miles  to  four  miles 
of  topography  a  day  except  in  villages,  where  from  one-half  to  a 
mile  IS  average  speed. 

Direction  ana  amount  of  traffic  is  determined  by  inspection  and 
inquiry  of  the  residents  along  the  road. 

To  illustrate  the  information  required,  an  extract  from  the  sur- 
vey report  of  the  Fairport  Nine  Mile  Point  Road  is  given  below: 
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Fig.  66. 


Fairport  Nine  Mile  Point  Road  Traffic  Report 

Heavy  Hauling. — The  direction  of  heavy  hauling  on  this  road 
is  approximately  as  follows: 

1.  Station  No.  195  to  station    o    toward   Fairport. 

2.  "        "    19s  "       "      400       "       Webster. 

3.  "        "    580  "       "      400       " 

This  divides  the  road  into  three  sections  for  the  determination 
of  the  ruling  grades. 

The  ruling  grades  for  section  i  will  be  determined  by  the  hills 
at  station  10  and  station  48  and  probably  will  be  limited  to  5  per 
cent. 

The  ruling  grade  for  section  2  will  be  determined  by  the  knolls 
at  stations  267,  285,  and  300, 
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The  ruling  grade  for  section  3  will  be  determined  by  the  hills 
at  stations  445  and  494. 

The  team  traffic  is  medium  heavy  station  90  to  station  o;  light, 
station  270  to  90;  medium,  station  270  to  375;  heavy,  station 
375  to  386;  very  heavy,  equivalent  to  city  street,  station  386 
to  408;  medium  heavy,  station  408  to  450,  and  light,  station  450 
to  580.  Macadam  construction  will  not  be  suitable  stations 
386  to  408. 

The  automobile  pleasure  traffic  will  be  largely  through  traffic 
and  probably  fairly  heavy. 

foundation:  soils 

The  notes  on  soils  show  the  character,  width,  and  depth  of 
the  existing  surfacing  material  and  the  kind  of  underlying  mate- 
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rial..  This  feature  of  the  survey  is  important,  as  it  governs  the 
thickness  of  the  bottom  course,  and,  to  a  certain  extent,  the  posi- 
tion of  the  grade  line  where  an  existing  solid  foundation  can  be 
utilized  and  the  thickness  of  the  improved  road  reduced  to  a 
minimum. 

Even  with  a  careful  soil  examination  it  is  impossible  to  make 
the  design  of  the  foundation  definite,  as  mentioned  on  page  i6i, 
but  the  quantity  of  the  material  that  will  be  needed  can  be  esti- 
mated very  closely. 
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The  sub-soil  can  be  readily  examined  by  driving  a  iH"  or  i" 
steel  bar  to  the  required  depth,  which  is  usually  not  over  4.0' 
to  5.0'  even  in  cuts,  removing  the  bar  and  replacing  with  a  ^" 
gas  pipe,  which  is  driven  a  few  inches  and  witndrawn*  The  core 
will  give  a  fair  idea  of  the  material  to  be  encountered. 

Where  rock  is  encountered  the  elevation  of  the  outcrop  is  shown, 
and  if  the  rock  underlies  the  road  for  any  distance  within  two 
or  three  feet  of  the  surface  this  depth  is  determmed  by  driving  bars. 
Sample  notes  below: 


Station 

Left 
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Right 

62 

• 

63 

3-5' 
30 

i.S' 

25 

00 

1.2' 
00 

0.5' 
20 

1.0' 
22 

The  note  ^^^means  that  20'  to  the  left  of  the  proposed  center  line 
20       ••         .      v* 

of  the  improvement,  the'  rock  is  3.5'  below  the  present  surface; 
from  these  notes  the  rock  can  be  readily  plottea  on  the  cross- 
sections.  Its  character  can  be  determined  from  adjacent  out- 
crops, or  from  test  pits,  if  required. 

LOCATION  Ain>  CHARACTER  OF  MATERIALS 

The  selection  of  materials  and  the  estimate  of  the  construction 
cost  depend  on  a  knowledge  of  the  available  materi^^  and  their 
location  relative  to  the  road. 

Provided  this  data  has  not  been  well  ^thered  on  the  Prelimi- 
nary investigation  work  it  should  be  obtained  at  this  stage.  The 
methods  were  described  in  Chapter  on  Preliminary  Investigation 
but  will  be  repeated  at  this  point  for  convenience. 

Unloading  Points  for  Freight — ^jProvided  U.  S.  geological  maps 
are  obtainable,  the  position  of  sidings  may  be  marked  on  the 
sheets.  The  notes  for  each  siding  show  its  car  capacity;  whether 
or  not  an  elevator  unloading  plant  can  be  erected,  and  if  hand 
unloading  is  necessary  whether  teams  can  approach  from  one 
side  or  two.  They  should  also  show  any  coal  trestles  that  can 
be  utilized  in  unloading,  and  the  location  and  probable  cost  of 
any  new  sidings  that  w2l  materially  reduce  the  length  of  the  haul. 
Canal  or  river  unloading  points  are  shown  in  the  same  manner. 

Sandy  Gravel,  and  Filler  MateriaL — The  position  of  sand  and 
gravel  pits  and  filler  material  are  noted  with  their  cost  at  the 
pit;  if  no  local  material  is  available  the  cost  f.o.b.  at  the  nearest 
siding  is  given. 

Stone  Supply. — Provided  imported  stone  is  to  be  used  the  work 
is  simplified  to  determining  the  rate  f.o.b.  to  the  various  sidings 
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for  the  product  of  the  nearest  commercial  stone-crushing  plant 
that  produces  a  proper  grade  of  stone. 

In  case  Ipcal  stone  is  available  the  location  of  the  quarries 
or  outcrops  is  shown;  the  amount  of  stripjnng,  if  any,  and  the 
cost  of  quarry  rights.  If  the  estimate  will  depend  upon  rock 
owned  by  a  single  person  an  option  is  obtained  to  prevent  an 
exorbitant  raise  in  price. 

In  the  case  of  field  or  fence  stone  a  careful  estimate  is  made  of 
the  number  of  yards  of  boulder  stone  available,  the  owners' 
names,  what  they  wiU  charge  for  it,  the  position  of  the  fences  or 
piles  relative  to  the  road,  or  side  roads,  and  if  the  fences  are  not 
abutting  on  a  road  or  lane  the  length  of  haul  through  fields  to 
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Fig.  68. 


the  nearest  road  or  lane.  As  fences  are  usually  a  mixture  of 
different  kinds  of  rock,  the  engineer  estimates  the  percentage  of 
granite,  limestone,  sandstone,  etc.,  and  the  percentage  that  will 
have  to  be  blasted  or  sledged  in  order  to  be  crushed  by  an  ordi- 
nary portable  crusher.  The  amount  of  field  stone  required 
per  cubic  yard  of  macadam  is  given  in  estimates,  page  593.  If 
there  is  a  large  excess  of  stone  a  careful  estimate  need  not  be 
made,  only  enough  data  being  collected  to  determine  the  probable 
position  of  the  crusher  set-ups  and  the  average  haul  to  each  set- 
up. If  a  sufficient  supply  is  doubtful  a  close  estimate  is  made  as 
outlined  above  and  options  obtained  from  the  various  owners. 
Samples  of  the  different  rocks  are  tested.     (See  materials.) 
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Preliminary  surveys  of  the  above  description  should  be  made 
at  a  speed  of  from  two  to  four  miles  per  week  at  a  cost  of  from 
$35  to  ^70  per  mile,  allowing  $6  per  day  for  the  engineer;  ^3.50 
for  the  instrument  man;  ^2  per  man  for  three  laborers;  ^i  per 
day  board  per  man  and  $4  per  day  for  livery. 

Right-of-way  and  diversion  line  surveys  are  often  needed  but 
are  usually  not  made  at  this  time;  if  the  designer  believes  that 
additional  land  must  be  acquired  or  that  a  diversion  line  is  necessary, 
he  indicates  the  information  desired  and  the  surveys  are  made. 

RIGHT-OF-WAY  SURVEYS 

These  surveys  are  used  not  only  to  show  the  amount  of  land 
to  be  acquired  but,  also,  the  damage  to  property  from  altering 
the  shape  of  a  field,  cutting  a  farm  in  two,  changing  the  position 
of  a  house  or  bam  relative  to  the  road,  etc. 

The  acreage  to  be  taken  is  shown  by  an  ordinary  land  survey 
in  which  the  road  lines,  property  lines,  comers,  etc.,  are  located 
in  relation  to  the  proposed  center  line  of  the  improvement,  and 
their  lengths  and  bearings  carefully  determined.  It  is  often 
difficult  to  locate  the  road  boundaries,  as*  town  records  are  care- 
lessly kept  and  there  is  a  general  tendency  to  encroach  on  the 
road.  As  the  amount  paid  for  new  right-of-way  is  rarely  settled 
on  an  acreage  basis,  it  is  customary  to  take  the  existing  fence 
lines  as  the  road  line  unless  it  is  very  evident  that  the  fence  has 
been  moved.  This  produces  better  feeling  on  the  part  of  the 
property  owner  and  does  not  affect  the  price  paid.  The  lines 
Detween  adjoining  properties  are  usually  well  defined. 

In  cases  where  an  orchard  is  damaged  the  position  and  size  of 
the  trees  are  noted;  where  a  field  or  farm  is  cut  the  whole  field 
is  shown,  with  the  shape  and  acreage  of  the  pieces  remaining  after 
the  land  actually  appropriated  has  been  taken  out. 

As  b  usually  done  in  all  land  surve)^,  the  parcel  to  be  bought 
is  traversed  and  the  survey  figured  for  closure  error  to  insure 
the  description  against  mistakes. 

The  standard  form  of  map  and  description  of  the  N.  Y.  State 
Department  is  shown  in  the  following  illustration: 
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99-5r 
99SO 
99-49 
99-48 
99-47 

99-46 
99-46 
99-4S 
99-44 
M-43 

99.41 

99-41 
99.40 
99-39 
99-38 

99-38 
99-37 
99-36 
99-35 
99-34 

99-33 

99-3* 
99-3X 

99-30 
99-29 

99-38 
99.57 
99.26 
99-25 
99.14 

6.96 
7.02 
J-o? 
7.13 
7.19 
7-25 

7-39 
7-36 
7.42 
7-48 
7-S3 

It 

Ul 
7.8. 

,.8S 
7-54 
7-99 
8^5 
3.11 

8.17 

8.22 
8.28 

It 
if. 

8.S7 

IS 

99.24 
99-33 
99.23 
99.21 
99.20 
99.19 

99.18 
99.17 
99.16 
99-iS 
99.14 

99-13 

99-10 
99.09 
99.08 

99.07 
99-o6 
99-oS 
99-04 
99-03 

99.01 

98I97 

98.96 
98-94 
98-93 
98.9a 
98.91 

8.63 
8.74 
8.te 
8.8s 
8.91 
8.97 

t^ 
9.14 
9.20 
9-35 

9-31 
9-37 
9-43 
9.48 
9-54 

9-65 
9.71 
9-77 
9-83 

9-88 
9-94 

10.0s 

10^38 
1D.34 
10.40 

98.9. 

98.90 
98.88 
98.87 
98.86 
98.85 

98.83 
98,82 
98.81 
98.80 
98.78 

98.74 
98-73 
98.72 

98.71 
98.69 
98.68 
98.67 
98.6s 

98.64 
98.63 

98^6^ 
98.58 

98-57 
98.56 
98.54 
98.53 
98.51 

10.40 

10-45 
10.51 

10.57 
10.62 
10.68 

10.74 

il 

ii!oS 
11.13 
11.19 

"■" 

11.30 
11-36 
11.41 

11-53 

ill 

Tl!76 
11.81 

H.87 

:;:?! 

t2XJ4 

98.51 

98.50 
98.48 
98.47 
98.46 
98-44 

9843 
98.4. 
98-to 
98.39 
98.37 

98.36 
98.34 
98-33 
98.31 
98.39 

98.28 
98.37 
98-25 
98-34 
98.22 

98.20 
98.19 
98.17 
98.16 
98.14 

98.13 
98.11 
98.10 
98x>S 
98.06 

I3.1S 
12.36 

1-41 

"43 
13-49 

\i& 

12.66 
12.72 

il 

13.94 

13-00 
13-os 
13.H 
13-17 
13-33 

13-28 
13-33 
13-39 
t3-4S 
13.50 

"? 

13.67 
13.73 
13-7S 

C-0.7S. 

0.7s 

0.06 

0-7S 

0/37 

0-7S 

0.08 

0.74 

0.10 

c  —   I.OO. 

1.00 

0.0S 

0.99 

O.C9 

0.99 

0.11 

0-99 

0.13 

C  -  l.as- 

i-*S 

0.10 

T.24 

0.1  ■ 

1.24 

0.14 

1.24 

0.16 

36 
40 
43 

44 
46 
48 


8.73  9S, 


18,51  9S-71  ao-n 

18.57  95-75  "«-i8 

i8.6a  95.71  2o.»3 

iJt.ftR  nein  fin.jS 


0.7S 
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Horizontal  Distances  and  Elevations  from 
Stadia  Readings. — Continued 


12* 


Minutes 


O 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

SO 

52 

54 

56 

S8 

60 

c  ==  0.75. 

c  =  1.00. 

c  =  1.25. 


Hor. 
Dist. 


95.68 

95.65 

95.63 
95.61 

95.58 
95.56 

95.53 
95.51 
95.49 
95.46 

95.44 

95.41 
95.39 
95.36 
95.34 
95.32 

95.29 
95.27 
95.24 
95.22 

95.19 

95.17 

95.14 
95.12 

95.09 
95.07 

95.04 
95.02 

94.99 
94.97 
94.94 

0.73 
0.98 
1.22 


Difif. 
Elev. 


20.34 
20.39 
20.44 
20.50 

20.55 
20.60 

20.66 
20.71 
20.76 
20.81 
20.87 

20.92 
20.97 
21.03 
21.08 
21.13 

21.18 
21.24 
21.29 

21.34 
21.39 

21.45 
21.50 

21.55 
2X.60 
21.66 

21.71 
21.76 
21.81 
21.87 
21.92 

0.16 

0.22 
0.27 


13' 


Hor. 
Dist. 


94.94 
94.91 

94.89 
94.86 

94.84 
94.81 

94.79 
94.76 

94.73 
94.71 

94.68 

94.66 

94.63 
94.60 

94.58 

94.55 

94.52 
94.50 
94.47 
94.44 
94.42 

94.39 

94.36 

94.34 

94.31 
94.28 

94.26 

94.23 
94.20 

94.17 
94.15 

0.73 
0.97 

1. 21 


Diff. 
Elev. 


21.92 
21.97 
22.02 
22.08 
22.13 
22.18 

22.23 
22.28 
22.34 
22.39 
2244 

2249 
22.54 

22.60 
22.65 
22.70 

22.75 

22.80 

22.85 

22.91 
22.96 

23.01 
23.06 
23.H 
23.16 

23.22 

23.27 
23.32 

23.37 
2342 

23.47 

0.17 

0.23 
0.29 


14^ 


Hor. 
Dist 


94.15 
94.12 

94.09 
94.07 
94.04 
94.01 

93.98 
93.95 
93.93 
93.90 
93.87 

93.84 
93.81 

93.79 
93.76 

93.73 

93.70 
93.67 
93.65 
93.62 

93.59 

93.56 
93.53 
93.50 
93.47 
93.45 

93.42 
93.39 
93.36 

93.33 
93.30 

0.73 

0.97 
I.2I 


Difif. 
Elev. 


23.47 
23.52 
23.58 
23.63 
23.68 

23.73 

23.78 

23.83 
23.88 

23.93 
23.99 

24.04 
24.09 
24.14 
24.19 
24.24 

24.29 
24.34 
24.39 
2444 
24.49 

24.SS 
24.60 

24.65 

24.70 

24.75 

24.80 
24.85 
24.90 

24.95 
25.00 

0.19 

0.25 

0.31 


15^ 


Hor. 
Dist. 


93.30 
93.27 
93.24 
93.21 

93.18 
93.16 

93.13 
93.10 

93.07 

93.04 
93.01 

92.98 

92.95 
92.92 

92.89 

92.86 

92.83 
92.80 
92.77 
92.74 
92.71 

92.68 
92.65 
92.62 

92.59 
92.56 

92.53 

9249 
92.46 

92.43 
92.40 

0.72 

0.96 

1.20 


Diff. 
Elev. 


25.00 

25.05 
25.10 

25.15 
25.20 
25.25 

25.30 
25.3s 
25.40 

25.45 
25.50 

2555 
25.60 

25.65 
25.70 

25.75 

25.80 

25.85 
25.90 

25.95 
26.00 

26.05 
26.10 
26.15 
26.20 
26.25 

26.30 

26.35 
2640 

26.45 
26.50 

0.20 
0.27 

0.34 
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Table  30. 


Horizontal  Distances  and  Elevations  froic 
Stadia  Readings. — Continued 


16* 


Minutes 

o 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20  ....  . 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

52 

54 

S6..... 

58 

60 

c  *  0.7s 

C  sa  1.00. 

c  —  1*25. 


Hor. 
DisL 

92.40 

92.37 

92.34 
92.31 

92.28 
92.25 

92.22 
92.19 

92.15 
92.12 

92.09 

92.06 
92.03 
92.00 
91.97 

91-93 

91.90 

91.87 
91.84 
91.81 

91-77 

91.74 
91.71 
91.68 
91.65 
91.61 

91.58 

91.55 
91-52 
91.48 

91-45 
0.72 

0.96 

1.20 


Diff. 
Elev. 


26.50 

26.55 
26.59 

26.64 

26.69 

26.74 

26.79 
26.84 
26.89 
26.94 
26.99 

27.04 
27.09 

27-13 
27.18 

27.23 

27.28 

27-33 
27.38 

27-43 
27.48 

27.52 

27-57 
27.62 

27.67 

27.72 

27.77 
27.81 

27.86 

27.91 

27.96 

0.21 
0.28 
0.35 


If 


Hor. 
DiaL 


91-45 
91.42 

91.39 

91-35 
91.32 

91.29 

91.26 
9X.22 
91.19 
91.16 
91.12 

91.09 
91.06 
91.02 

90.99 
90.96 

90.92 
90.89 
90.86 
90.82 

90.79 

90.76 
90.72 
90.69 
90.66 
90.62 

90.59 
90-55 
90.52 
90.48 

90.45 
0.72 

0-95 
1. 19 


Biff. 
Elev. 


27.96 
28.01 
28.06 
28.10 
28.15 
28.20 

28.25 
28.30 

28.34 
28.39 
2844 

28.49 
28.54 
28.58 
28.63 
28.68 

28.73 

28.77 
28.82 

28.87 

28.92 

28.96 
29.01 
29.06 
29.11 
29.15 

29.20 
29.25 
29.30 
29-34 
29-39 

0.23 
0.30 
0.38 


i8« 


Hor. 
DisL 


90.45 
90.42 

90.38 

90.35 
90.31 
90.28 

90.24 
90.21 
90.18 

90.14 
90.11 

90.07 
90.04 
90.00 
89.97 
89-93 

89.90 
89.86 
89.83 
89.79 
89.76 

89.72 
89.69 
89.65 
89.61 
89-58 

89-54 
89.51 

89-47 
89.44 

89.40 
0.71 

0.95 
I.19 


Diff. 

Elev. 


29-39 

29.44 
29.48 

29.53 

29.58 

29.62 

29.67 
29.72 
29.76 
29.81 
29.86 

29.90 

29-95 
30.00 

30.04 
30.09 

30.14 
30.19 
30.23 

30.28 
30.32 

30.37 
30.41 
30.46 
30.51 
30.55 

30.60 

30.65 
30.69 

30.74 
30.78 

0.24 
0.32 
0.40 


19' 


Hor. 
Diftt. 


89.40 
89.36 

89.33 
89.29 

89.26 

89.22 

89.18 

89.15 
89.11 

89.08 

89.04 

89.00 
88.96 

88.93 
88.89 
88.86 

88.82 
88.78 

88.75 
88.71 

88.67 

88.64 
88.60 
88.56 

88.53 
88.49 

88.45 
88.41 
88.38 

88.34 
88.30 

0.71 

0.94 
1.18 


Diff. 
Elev. 


30.78 
30.83 
30.87 
30.92 
30.97 
31.01 


.06 
.10 

.15 
.19 

-24 

.28 

-33 

-38 
.42 

.47 

-51 
.56 
.60 

•6s 

.69 

.74 
.78 

-83 

-87 

.92 


31.96 
32.01 
32.0s 
32.09 

32.14 
0.25 

0.33 
0.42 


340 


THE  SURVEY 


Table  30.    Horizontal  Distances  and  Elevations  from 

Stadia  Readings. — Continued 


20° 

2I«» 

22° 

23° 

Minutes. 

Hor. 
Dist. 

D£flf. 
Elev. 

Hor. 
Dist 

Diff. 
Elev. 

Hor. 
Dist. 

Diflfa 

Elev. 

Hor. 
Dist 

Diflf. 
Elev. 

0 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

50 

S2 

54 

56 

S8 

60 

88.30 
88.26 
88.23 
88.19 
88.15 
88.x  I 

88.08 

88.04 
88.00 
87.96 

87.93 

87.89 
87.85 

87.81 
87.77 
87.74 

87.70 
87.66 

87.62 

87.58 
87.54 

87.51 
87.47 

87.43 

87-39 

87-35 

87.31 

87.27 
87.24 

87.20 
87.16 

32.14 
32.18 
32.23 
32.27 
32.32 
32.36 

32.41 
32.45 
32.49 
32.54 
32.58 

32.63 
32.67 

32.72 
32.76 
32.80 

32.85 
32.89 
32.93 
32.98 
33-02 

33.07 
33." 
33.15 
33.20 

33-24 

33-28 

33-33 
33-37 
3341 
3346 

87.16 
87.12 
87.08 
87.04 
87.00 
86.96 

86.92 
86.88 
86.84 
86.80 

86.77 

86.73 
86.69 

86.65 

86.61 

86.57 

86.53 
86.49 

86.45 
86.41 

86.37 

86.33 
86.29 

86.25 

86.21 

86.17 

86.13 
86.09 
86.05 
86.01 

85.97 

3346 
33.50 
33.54 
33.59 
33.63 
33-67 

33-72 
33-76 
33-80 
33-84 
33-89 

33-93 
33.97 
34.01 

34.06 
34.10 

34.14 
34.18 

34.23 
34.27 
34.31 

34.35 
3440 

34.44 
3448 
34.52 

34.57 
34.61 
34.65 
34.69 
34.73 

85.97 
85-93 
85.89 

85.85 
85.80 

85-76 

85.72 
85.68 

85.64 
85.60 

85.56 

85.52 
8548 

85.44 
85.40 

85.36 

85.31 

85.27 

85.23 
85.19 

85.15 

85.11 

85.07 
85.02 

84.98 
84.94 

84.90 
84.86 
84.82 

84.77 
84.73 

34.73 
34.77 
34-82 
34-86 
34-90 
34.94 

34.98 
35.02 

35.07 
35." 
35.15 

35.19 
35.23 
35.27 
35.31 
35.36 

35.40 
3544 
35.48 
35.52 
35.56 

35.60 

35.64 
35.68 
35.72 
35.76 

35.80 
35.85 
35.89 
35-93 
35.97 

84.73 
84.69 

84.65 
84.61 

84.57 
84.52 

84.48 

84.44 
84.40 

84.35 
84.31 

84.27 

84.23 
84.18 

84.14 

84.10 

84.06 
84.01 
83.97 
83.93 
83.89 

83.84 
83.80 

83.76 
83.72 
83.67 

83.63 
83.59 
83.54 
83.50 
8346 

35-97 
36.01 

36.05 

36.09 

36.13 

36.17 

36.21 

36.25 
36.29 

36.33 
36.37 

36.41 

36.45 
36.49 
36.53 
36.57 

36.61 
36.65 
36.69 

36.73 
36.77 

36.80 
36.84 
36.88 
36.92 
36.96 

37.00 

37.04 
37.08 

37.12 

37.16 

c  =  0.75. 

0.70 

0.26 

0.70 

0.27 

0.69 

0.29 

0.69 

0.30 

c  =  1.00. 

0.94 

0.35 

0.93 

0.37 

0.92 

0.38 

0.92 

0.40 

c  =  1.25. 

I.I7 

044 

1. 16 

0.46 

I.15 

0.48 

I.15 

0.50 

.4- 

23° 

26° 

27"         1 

Vbatta 

Or. 
Diat 

Efcv. 

Hbr. 
Dim. 

S-. 

Dlit. 

mff 

Hor. 

KM. 

Elev'. 

i:::::: 

8 

S:::::: 

i8 

26 ! ! ! . . . 

28 

30 

32 

S:::::: 

40 

42 

44 

46 

48 

SO 

Sa 

60 

B3^ 
83-ti 

83.37 

liii 

83.>o 

Sf 

S3-07 

83.02 

82.p8 

82.i 
S2.80 

82.76 

alii 
82.63 
8J.58 

82.54 
82-w 
8245 
8241 
82.36 

82.32 

82.27 
82.23 
Si.iS 

82.14 

3J.16 
37.20 
37.^3 
37-^7 
37-3' 
37.3s 

37-39 
3743 
37-47 
37-Si 
37-54 

37-58 
37.6. 
37-66 
37-70 
37-74 

37-77 
37.81 
37-85 
37-89 
37-93 

37-96 

38.11 

3B.IS 
38.19 
38-23 
38.26 
38.30 

S3. 14 
82.09 
82^5 

81.96 
81.92 

81.87 
81.83 
8,.;8 
81.74 
81.69 

81-65 
81.60 
81-56 
81.51 
8M7 

S142 
81.38 

81.24 

81.19 
81.15 
81.10 
81-06 
81.01 

80.97 

80.92 
80.87 

So!78 

38-30 
38-34 
38-38 
38-41 
38.4s 
38-49 

38-S3 

$t 

38.64 
38.67 

38-71 
38.7s 

38.86 

38.89 
38.93 
3S.97 
39-00 
39.04 

39.08 
39-11 
39.15 
39.18 
39.22 

39.J6 
3929 

S:S 

3940 

80.78 
So.  74 
80.69 
80.65 

80.55 

80.51 
3046 
80.41 
80.37 
80.32 

80-28 
80.23 
80.18 
80.14 
80.09 

S0.04 
80,00 
79.9s 
79.90 
79.86 

79.8. 
79.76 
79.72 
79-67 
79.6i 

79-S8 

S3 

79-44 
79-39 

39-40 
39-44 
3947 
39-51 
39-54 
39-58 

39.6, 
39-65 
39-69 
39-72 
39-76 

39-79 

lt& 

39-90 
39-93 

39-97 
40.00 
40.04 

t'l 

40.14 

40.18 
40.21 
40.24 
40.28 

40.31 
40.35 
40-38 
4043 
4045 

79-39 
79-34 
79-30 
79.25 
79.20 
79-15 

79.11 

79-06 

78.92 

78.87 
78.82 
78.77 

llii 
mi 

78.54 
78.49 
7844 

78.39 
78.34 
78.30 

1^2 

78-15 
78-10 
78.06 
78.01 
77-96 

40-4S 
4049 
40.52 
40-SS 
40-59 
40.62 

40.66 

40.69 
40.72 
40.76 
40-79 

40.82 
40.86 
40.89 
40.92 
40-96 

40.99 

4I.02 

41.06 
41.09 
41.12 

41,19 

41^26 
41.39 

41,33 

41-35 
41.39 
41-43 
41-45 

c  -  0.7S- 

0.68 

0.31 

0.68 

0.32 

0.67 

0.33 

0.66 

0.35 

C  -  I.W. 

0.91 

0.41 

0.90 

043 

0-89 

_o4S 

0.89 

0.46 

c  =  1.25. 

I.I4 

0.52 

1.13 

0.54 

■■" 

0.56 

1.11 

0,58 
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Horizontal  Distances  and  Elevations  from 
Stadia  Readings.— Co»<:/«(^6<i 


Minutes 


o 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

26 

28 

30 

32 

34 

36 

38 

40 

42 

44 

46 

48 

SO 

52 

54 

S6 

58 

60 

c  =  0.75. 

c  =  i.oo. 
c  «  1.25 


28' 


Hor. 
Dist. 


77.96 

77.91 

77.86 

77.81 

77.77 
77.72 

77.67 
77.62 

77.57 
77.52 
77.48 

77.42 
77.38 

77-33 
77.28 

77.23 

77.18 

77.13 
77.09 

77.04 

76.99 

76.94 
76.89 
76.84 
76.79 
76.74 

76.69 
76.64 

76.59 
76.55 
76.50 

0.66 
0.88 
1. 10 


Diff. 
Elev. 


41.45 
41.48 

41.52 

41.55 
41.58 

41.61 

41.65 
41.68 
41.71 
41.74 

41.77 

41.81 
41.84 
41.87 
41.90 

41.93 

41.97 
42.00 
42.03 
42.06 
42.09 

42.12 
42.15 
42.19 
42.22 
42.25 

42.28 
42.31 

42.34 

42.37 
42.40 

0.36 

0.48 

0.60 


29^ 


Hor. 
Dist. 


76.50 

76.45 
76.40 

76.35 
76.30 
76.25 

76.20 

76.15 
76.10 

76.05 

76.00 

75.95 
75.90 

75.85 
75.80 

75-75 

75.70 

75.65 
75.60 

75.55 
75.50 

75.45 
75.40 

75-35 
75.30 
75-25 

75.20 

75.15 
75.10 

75.05 
75.00 

0.65 

0.87 

1.09 


Diff. 
Elev. 


42.40 

42.43 
42.46 

42.49 

42.53 
42.56 

42.59 
42.62 

42.65 
42.68 

42.71 

42.74 

42.77 
42.80 

42.83 
42.86 

42.89 
42.92 

42.95 
42.98 

43.01 

43-04 

43.07 
43.10 

43.13 
43.16 

43.18 
43.21 

43.24 
43.27 
43.30 

0.37 

0.49 

0.62 


30* 


Hor. 
Dist. 


75.00 

74.95 
74.90 

74.85 
74.80 

74.7s 

74.70 

74.65 
74.60 

74-55 
74^9 

74.44 
74-39 
74-34 
74.29 
74.24 

74.19 
74.14 

74.09 
74.04 
73-99 

73-93 
73.88 

73.83 
73.78 

73-73 

73.68 

73-63 
73.58 
73.52 
73.47 

0.65 

0.86 
Z.08 


Diff. 

Elev. 


43.30 

43-33 
43.36 

43-39 
43-42 

43-45 

43.47 
43.50 

43.53 
43-56 

43.59 

43.62 

43.65 
43.67 
43-70 
43-73 

43.76 

43.79 
43.82 

43-84 
43.87 

43-90 

43-93 

43-95 

43.9* 
44.01 

44.04 

44.07 

44-09 
44.12 

44-15 
0.38 

0.51 
0.64 
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Diversian  Line  Svaveys. — ^Where  there  is  no  doubt  as  to  the 
grade  to  be  adopted,  or  the  alignment  to  be  used,  the  location 
is  made  directly  in  the  field  and  the  center  line  is  run  and  the 
cross-sections  taken  in  the  same  manner  as  for  a  preliminary  survey. 
If,  however,  the  country  is  badly  cut  up  and  it  is  difficult  to  make 
a  field  location  direct,  a  transit  stadia  survey  is  made  covering  the 
territory  that  will  include  all  the  possible  locations  and  from  the 
resulting  contour  map  the  different  locations  are  projected  and 
approximate  estimates  figured.  The  adopted  line  is  then  run  in 
the  field,  cross-sections  taken  in  the  usual  manner  and  an  accurate 
estimate  made.  This  method  is  used  so  seldom  that  the  author 
does  not  feel  justified  in  giving  much  space  to  the  theory  of  stadia 
measurements  or  the  methods  of  stadia  surveys  (see  page  416).  If 
the  reader  is  not  familiar  with  this  class  of  work  he  is  referred  to  the 
standard  works  on  surveying. 

A  convenient  scale  for  a  contour  map  for  the  projection  work 
mentioned  above  is  i"  «=  20'  with  a  contour  interval  of  i'  to  5', 
depending  on  the  country.  Table  30  is  useful  for  reducing  stadia 
notes.  For  a  small  number  of  shots  this  table  and  a  slide  rule  will 
answer  the  purpose;  for  any  extended  amount  of  work  a  stadia 
reduction  diagram  or  Noble  &  Casgrain's  tables  are  recommended. 

If  the  stadia  work  is  well  done  very  satisfactory  projections 
can  be  made. 

ADJUSTMENT  OF  INSTRUMEIVTS 

Wye  LeveL — To  Make  the  Line  of  CoUimation  Parallel  to  the 
Telescope  Rings, — ^Level  the  instrument  roughly.  Loosen  the  Y 
clamps  so  the  telescope  can  turn  freely  in  them;  clamp  the  hori- 
zontal motion  and  by  means  of  the  leveling  screws  and  tangent 
motion  bring  the  intersection  of  the  cross  hairs  on  some  well  de- 
fined point.  Then,  without  lifting  from  the  Ys,  turn  the  tele- 
scope over  180*  watching  to  see  if  the  cross  wires  remain  on  the 
point  during  the  operation;  if  they  do  the  adjustment  is  correct; 
if  they  do  not,  correct  J^  the  apparent  error  for  both  vertical  and 
horizontal  wires  by  means  of  the  cross  hair  ring,  adjusting  screws, 
and  repeat  until  the  wires  remain  on  the  pomt  for  a  complete 
revolution. 

To  Make  the  Longitudinal  Axis  of  the  Level  Bubble  Parallel  to  the 
Plane  of  the  Line  of  CoUimation. — ^Level  the  machine  over  either  pair 
of  leveling  screws;  unclamp  the  Ys;  rotate  the  telescope  in  the  Ys 
until  the  bubble  tube  is  on  one  side  of  the  bar.  If  the  bubble  re- 
mains in  the  center  the  adjustment  is  correct.  If  it  runs  from  the 
center  bring  it  to  its  correct  position  by  means  of  the  sidewise  ad- 
justing screw  at  one  end  of  the  bubble  case. 

To  Make  the  Bubble  Parallel  to  the  Rings  and  Line  of  ColUmation. — 
Level  the  machine;  imclamp  the  Ys;  lift  the  telescope  carefully 
from  the  Ys  and  reverse  end  for  end;  if  the  bubble  runs  to  the  center 
after  the  telescope  has  been  reversed  the  adjustment  is  correct; 
if  not,  correct  }4  the  error  by  means  of  the  adjusting  nuts  on  the 
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bubble  case  and  K  the  error  with  the  leveling  screws  and  repeat 
the  test  until  the  bubble  remains  in  the  center. 

To  Adjust  the  Ys  so  the  Level  Bubble  Will  Be  at  Right  Angles  to 
the  Axis  of  the  Instrument, — ^Level  the  machine  approximatdy  over 
both  sets  of  screws;  level  carefully  over  one  set;  rotate  on  the 
spindle  i8o°;  if  the  bubble  remains  in  the  center  the  adjustment 
is  correct;  if  not,  correct  J^  the  error  by  means  of  the  adjusting 
nuts  on  the  Ys  and  }4  by  the  leveling  screws.  Repeat  until  the 
bubble  remains  in  the  center  when  reversed  over  either  pair  of 
leveling  screws. 

To  Test  the  Horizontal  Wire, — Be  sure  that  the  pin  in  the  Y  clamp 
is  in  the  notch  of  the  telescope  ring  to  keep  the  telescope  from 
rotating;  level  the  machine  and  compare  the  horizontal  wire 
with  any  level  line;  if  the  wire  is  not  level  loosen  the  cross  wire 
ring  and  turn  to  the  correct  position.  Adjust  again  for  collimation 
and  the  level  adjustments  are  complete. 

Dumpy  Level. — To  Make  the  Bubble  Perpendicular  to  the  Axis 
of  the  Instrument. — ^Level  the  machine  roughly  over  both  sets  of 
leveling  screws  and  carefully  over  one  set;  rotate  on  the  pinion  i8o°; 
if  the  bubble  stays  in  the  center  the  adjustment  is  correct;  if  not, 
correct  }4  the  error  by  means  of  the  bubble  adjusting  nut  and  J^  by 
the  leveling  screws,  and  repeat  until  correct. 

To  Make  the  Horizontal  Line  of  Collimation  Parallel  to  the  Level 
Bubble, — ^Level  the  machine;  drive  a  stake  about  150'  or  200' 
from  the  instrument  and  set  the  level  rod  target  by  the  horizontal 
wire;  rotate  the  instrument  180°  and  set  another  stake  at  the  same 
distance  from  the  machine  as  the  first  one*  drive  it  until  a  rod 
reading  taken  on  it  is  the  same  as  the  readmg  on  the  first  stake. 
These  stakes  will  then  be  level  even  though  the  machine  is  out  of 
adjustment.  Then  set  the  level  up  near  one  of  the  stakes;  level 
carefully  and  take  rod  readings  on  both;  if  these  readings  are  the 
same  the  level  is  in  adjustment;  if  not,  correct  the  position  of 
the  horizontal  wire  by  means  of  the  cross  wire  ring  screws  until  the 
readings  on  both  stakes  are  the  same. 

Test  the  horizontal  wire  on  a  level  line  in  the  same  manner  as  for 
the  Y  level. 

Transit. — Plate  Levels. — ^Level  the  machine  with  each  plate  level 
bubble  parallel  to  one  set  of  leveling  screws;  rotate  on  the  spindle 
180°;  if  the  bubbles  remain  in  the  center  the  adjustment  is  correct; 
if  not,  correct  ^4  the  error  with  the  bubble  adjusting  screws  and 
J^  with  the  leveling  screws.    Repeat  until  correct. 

Line  of  Collimaiion,  Ordinary  Distances, — ^Level  the  machine; 
clamp  the  horizontal  motion;  with  the  slow  motion  screw,  set  the 
vertical  cross  wire  on  some  well-defined  point  500  or  600  feet  away; 
transit  the  telescope  and  set  a  mark  the  same  distance  in  the  op- 
posite direction;  then  rotate  the  machine  on  the  spindle,  set  on 
the  first  mark  and  transit  the  telescope;  if  the  vertical  wire  strikes 
the  second  point  the  adjustment  is  correct;  if  not,  correct  Ji  the 
error  by  means  of  cross  wire  ring  adjusting  screws  and  repeat 
until  correct. 
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To  Make  the  Standards  the  Same  Height, — ^Level  the  machine 
carefully;  set  the  vertical  wire  on  some  well  defined  point  as 
high  as  can  be  seen;  bring  the  telescope  down  and  set  a  point; 
rotate  the  machine  180^;  transit  the  telescope  set  on  the  low  point 
and  raise  the  telescope;  if  the  wire  bisects  the  original  high  point 
the  adjustment  is  correct;  if  not,  correct  ^  the  error  by  means 
of  the  standard  adjusting  screw. 

Test  the  vertical  wire  by  means  of  a  plumb  line  to  see  that  it 
is  vertical;  if  not,  loosen  the  cross  hair  ring  and  turn  to  the  correct 
position;  test  again  for  coUimation. 

If  the  transit  is  to  be  used  as  a  level  make  the  level  bubble 
parallel  to  the  horizontal  wire  by  the  two-peg  method  in  the  same 
manner  as  described  for  the  Dumpy  level. 

EXPLANATION  OF  CURVE  TABLES  AND  DEVELOPMENT 

OF  CURVE  FORMULJE 

Curves  for  roadwork  need  not  be  as  carefully  worked  out  as 
in  railroad  surveying.  Except  for  long  curves  the  external  is 
usually  measured  and  the  curve  run  in  by  the  eye, 
and  for  this  reason  many  of  the  tables  given  in  the 
railway  field  manuals  are  omitted  and  those  used  are 
tabulated  in  a  different  form. 

Tc^le  31,  Radii  oj  Curves. — The  curve  radii  are 
computed  on  a  basis  of  5730  feet  ad  the  radius  of  a 
one-degree  curve  and  are  inversely  proportional  to 
the  degree  of  curvature:  they  are  tsmulated  to  the 
nearest  o.i'.  The  usual  columns  showing  logarithm 
of  radius,  tangent  offset  and  middle  ordinate  are  re- 
placed by  the  deflection  angle  per  foot  of  arc,  per 
25'  of  arc,  and  per  50'  of  arc,  which  saves  consider- 
able time  in  the  computation  of  deflections.  These 
values  are  tabulated  only  for  even  degree,  twenty- 
minute,  thirty-minute,  and  forty-minute  curves,  as 
there  is  always  sufl&cient  leeway  both  in  the  external 
and  tangent  to  select  a  suitable  curve  from  this  list. 

Table  32,  Functions  of  i**  Curve, — Column  i  gives 
the  central  angle  A  for  every  10  minutes  from  0°  to  4®  every 
minute  4**  to  100®,  and  every  10  minutes  100°  to  120°. 

Column  2  gives  the  same  central  angle  as  in  column  i  expressed 
.  in  decimab  of  a  degree.    This  simplifies  figuring  the  curve  length. 

Columns  3  and  4  give  the  tangent  and  external  for  the  central 
angles  of  column  i  to  the  nearest  o.i'.  By  the  use  of  the  chord 
lengths  recommended  at  the  top  of  each  page  of  this  table  no 
correction  need  be  made  for  tangent  length  or  external  distance 
of  any  desired  curve,  figured  by  dividing  the  value  given  in  the 
table  by  the  degree  of  curvature  required. 

The  error  that  is  introduced  by  the  use  of  these  chords  is  less 
than  0.1'  per  100',  which  is  the  allowable  limit  of  error  in  chainmg 
center  line. 
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For  the  convenience  of  readers  not  familiar  with  the  theory  of 
curves  and  the  computation  of  curve  notes,  the  following  brief  dem- 
onstration is  made: 


ItADn  OF  CURVES  AND  DEGREE  OF  CURVATURE 

A  one-degree  curve  b  defined  as  a  curve  having  such  a  radius  that 
loo  feet  of  arc  will  subtend  a  one-degree  central  angle. 

There  are  3  60**  of  central  angle  for  a  complete  circle.  The  circum- 
ference of  a  circle  is  expressed  by  the  formula  2t  R,  Therefore  the 
radius  of  a  one-degree  curve  is  determined  by  the  formulae 


2VR 

R 


360  X  100 
36,000  _     36,000 

2T        ~   2(3.14159) 


=  5729.6  feet 


(i) 


Table  31.    Radii  and  Deflections 
Figured  on  a  basis  of  R  =  5730'  for  a  i**  curve. 


D^reeof 
Curve 

Radius  of 
Curve 

Deflectioii 

per  foot  of 

Arc 

Deflection  per 
as'  of  Arc 

Deflection  per  50' 
of  Arc 

Feet 

Minutes 

Des. 

Minutes 

Deg. 

Minutes 

0    30   . . 

0  40    .  . 
o«  50'  . . 
I**  00'  . . 

1  20    .  . 

i«3o'.. 
1°  40'  . . 

2*  00'  .  . 
2«  20'  .  . 

2*»3o'.. 

2«4o'.. 
3' 00'.. 

11,460.0 
8.595-0 
6,876.0 
5»730.o 
4,297.5 

3,820.0 
3»438.o 
2,865.0 

2,455.7 
2,292.0 

2,148.8 
1,910.0 

00.15 

00.2 

00.25 

00.3 

00.4 

00.45 

00.5 

00.6 

00.7 

00.75 

00.8 
00.9 

— 

— 

OOOOO   ooooo   00 

07.S 
lo.o 

I2.S 
15.0 
20.0 

22.5 
25.0 
30.0 

3S.O 
37.S 

40.0 
45.0 

RADII  AND  DEFLECTIONS 


347 


Table  31. — Continued 


Degree  of 

Radius  of 

Deflection 
per  foot  of 

Arc 

Deflectioa  per 

Deflection  per  501^ 

Curve 

Curve 

25'  of  Arc 

of  Arc 

* 

Feet 

Minutes 

Deg. 

Minutes 

Deg. 

Minutes 

3!  ='°!  •  • 

1,719.0 

01 .0 

^__ 

0 

50.0 

3: 3°  •  • 

1,637.1 

01.05 

— 

— 

0 

52.5 

3°  40' . . 

1,562.7 

01. Z 

~~' 

"~" 

0 

55.0 

4"  00'  . . 

1,432.5 

01.2 

— 

— 

00.0 

4    20   . . 

1,322.3 

01.3 

— — 

05.0 

<  3<»;  •  • 

1,273.3 

oi.35 

— 

07.5 

<  -^  •  • 

1,227.9 

01.4 

10.0 

S"  00'  . . 

1,146.0 

01.5 

— - 

15.0 

1,041.8 

01.65 

— 

22.5 

6^  00'  . . 

955.0 

01.8 

— 

30.0 

^!3°!  • 

881.5 

01.95 

37.5 

7^00  . 

818.6 

02.1 

— 

45.0 

.    7    30  .. 

764.0 

02.25 

52.5 

8**  00'  . . 

716.3 

02.4 

2 

00.0 

^!3o;.. 

674.1 

02.55 

— 

2 

07.5 

9!«>  •. 

636.6 

02.7 

2 

15.0 

<3o  - 

603.2 

02.85 

— 

2 

22.5 

10**  00' . . 

573.0 

03.0 

■ 

2 

30.0 

10°  30' . . 

545.7 

03.15 

— 

2 

37.5 

11**  00' . . 

520.9 

033 

2 

45.0 

II**  30' . . 

498.3 

03.45 

— 

2 

52.5 

12**  00'  .  . 

477.5 

03.6 

— — 

3 

00.0 

12°  30'  .  . 

458.4 

03.75 

3 

07.5 

<  «^:  •  • 

440.8 

03-9 

— 

3 

15.0 

K  30  . . 

424.4 

04.05 

3 

22.5 

14  00' . . 

409.3 

04.2 

—— 

3 

30.0 

K  3°.'  •  • 

395.2 

04.35 

»          , 

3 

37.5 

15°  00'  . . 

382.0 

04.5 

•"■ 

3 

45.0 

K  30; . . 

4 

.     369.6 

04.65 

— 

3 

52.5 

.16°  00' . . 

358.1 

04.8 

2 

00.0 

4 

00.0 

16°  30' . . 

0^                      M 

347.3 

04.95 

2 

03.8 

4 

07.5 

if  00'    .  . 

337.0 

05.1    . 

2 

07.5 

4 

15.0 

17^  30'    .  . 

327.4 

05.25 

2 

II. 2 

4 

22.5 

18°  00'    .  . 

318.3 

05.4 

2 

15.0 

4 

30.0 

18°  30'    .  . 

309.7 

05.55 

2             18.7 

4 

37-5 
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Table  31. — CorUinued 


Degree  of 

Radius  of 

Deflection 

per  ft.  of 

Arc 

Deflection  per 
25'  of  Arc 

Deflection  per 

Curve 

Curve 

so'  of  Arc 

Minutes 

Degree 

Minutes 

19**  00' 

301.6 

05.7 

2 

22.5 

K  3^: 

293.8 

05.85 

2 

26.2 

20  00 

286.S 

06.0 

2 

30.0 

20*^  30' 

279-5 

06.15 

2 

33-7 

2I*»00' 

272.9 

06.30 

2 

37.5 

21**  30' 

266.S 

06.45 

2 

41.2 

22®  00' 

260.5 

06.6 

2 

45.0 

22°  30' 

254.7 

06.75 

2 

48.7 

<~; 

249.1 

06.9 

2 

52.5 

23**  30' 

243.8 

07.05 

2 

56.2 

24*^00' 

238.8 

07.2 

3 

00.0 

K  3°' 

2339 

07.35 

3 

03.7 

« 

25^*00' 

229.2 

07-5 

3 

07.5 

26**  00' 

220.4 

07.8 

3 

15.0 

27**  00' 

212.2 

08.1 

3 

22.5 

28^*00' 

204.6 

08.4 

3 

30.0 

20°  00' 

197.6 

08.7 

3 

37-5 

30    00 

191.0 

09.0 

3 

45.0 

Deflection  per 
lo'of  Arc 

31^00' 
32°  00' 

184.8 

09.3 

3 

52.5 

1 79. 1 

09.6 

4 

00.0 

1° 

36 

33   00 

173.6 

09.9 

1° 

3^ 

34^*00' 

168.5 

10.2 



1° 

42' 

35**  00' 

163.7 

10.5 

— 

1° 

45' 

36*^00' 

159.2 

10.8 

—^ 

1° 

48' 

37**  00' 

1549 

II. I 

— 



1° 

5^; 

38**  00 

150.8 

II.4 

— 



1° 

5< 

39°  00 

146.9 

II.7 

— 

1° 

57 

40   00 

143-2 

12.0 

— 

2° 

00' 

<~^ 

136.4 

12.6 



2° 

06' 

44*»oo; 

130.2 

13-2 



2° 

12' 

46^00' 

124.6 

13.8 

— 



2° 

18' 

48°  00' 

1 19.4 

14.4 

— 

— 

2° 

»4' 

SO^'oo' 

1 14.6 

15.0 

— - 

•"^~' 

2° 

30' 

52^00' 

1 10. 2 

15.6 

— 

— 

2° 

36; 

54"  00' 

106. 1 

16.2 

— 



2° 

**. 

S6°oo' 

102.3 

16.8 

^~. 

~"~ 

a* 

48' 

CURVE  FORMULAE 


349 


For  all  practical  purposes  the  value  of  5730  can  be  used. 

In  the  same  manner  a  two-degree  curve  is  one  having  such  a 
radius  that  100  feet  of  arc  will  subtend  two  degrees  of  central 
angle,  and  its  radius  is 

2TC  R  ^  - —  X  100 
2 

p  —  18^000 

2ir 

or  J^  of  the  radius  of  a  one-degree  curve. 
The  radius  of  a  three-degree  curve  will  be  H  of  57 30,  . 
The  radius  of  a  four-degree  curve  will  be  ^^  of  5730. 
The  formula  for  the  radius  of  any  degree  of  curve  is  therefore 


J?  -  5730 
The  degree  of  curvature  for  any  specified  radius  is  therefore 


(2) 


(3) 

In  general  the  degree  of  curvature  is  expressed  by  the  central 
angle  subtended  by  100  feet  of  arc,  and  the  radius  for  that  degree 
of  curve  is  found  by  dividing  5730  feet,  the  radius  of  a  one-degree 
curve,  by  the  degree  of  curve  desired  expressed  in  degrees  and 
decimals  of  a  degree.  That  is,  if  the  radius  of  a  3**  30'  curve  is 
wanted,  divide  5730  by  3.5,  which  equals  1637.1'.  The  radii  given 
in  Table  31  are  computed  in  this  manner. 

Length  of  Curve. — For  a  5®  curve  a  central  angle  of  5**  subtends 
100'  of  arc;  a  central  angle  of  10**,  200'  of  arc;  a  central  angle  of 
12**  30',  250'  of  arc.  That  «,  for  a  specified  central  angle  the 
length  of  any  specified  curve  equals  that  central  angle  expressed 
in  degrees  and  decimals  of  a  degree  divided  by  the  degree  of  curve 
expressed  in  degrees  and  decimals  multiplied  by  loo-^i.e.,  the  length 

of  a  10**  is'  curve  for  a  central  angle  of  20®  45'  =  — ' —  X  100'  = 

202.4'  and  is  expressed  by  the  formula  (continued  on  page  376) 

Table  32.     Functions  of  a  One-Degree  Curve  Figured  on 
A  Basis  op  R=S7$o'  and  Tabulated  to  Tenths  of  Feet 

Use  100'  chords  up  to  8*  Curves  Use  35'  chords  up  to  33*  Curves 

Use  50' chords  up  to  16*  Curves  Use  10'  chords  above  32**  Curves 
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IJse  50'  Chords  up  to  16**  Curves   Use  zo'  Chords  above  32"  Curves 
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206.Z 

1550.5 

820.3 

X604.3 

17 

z8 

.3000 

X79.3 

1444.6 

193.5 

1497.9 

206.3 

1551-4 

820.6 

X605.2 

x8 

19 

•3167 

X79S 

1445.5 

192.7 

1498.8 

306.5 

1552.3 

820.8 

1606.x 

19 

30 

.3333 

X79.7 

1446.4 

193.0 

1499.7 

ao6.8 

1553.3 

88I.I 

X607.0 

20 

az 

^500 

Z79.9 

1447.3 

193.2 

1500.6 

207.0 

1554.1 

32X.3 
82X.0 

X607.9 

2Z 

aa 

^667 

Z80.3 

1448.3 

193.5 

150Z.5 

207.3 

1555.0 

X608.8 

22 

23 

^833 

z8owi 
I8a6 

1449.0 

193-7 

1502.3 

207.5 

1555.9 

22X.8 

X609.7 

23 

34 

.4000 

1449.9 

193.9 

1503.3 

307.7 

1556.8 

822.Z 

x6zo.6 

24 

*l 

•A167 

Z80.8 

1450.8 

194.1 

1504.1 

207.9 

1557.7 

222.3 
222.6 

z6zz.5 

25 

26 

•4333 

z8z.o 

1451.7 

194.4 
Z94-6 

1505.0 

208.3 

1558.6 

Z612.4 

36 

H 

.4500 

z8z.3 

Z452.6 

1505.9 

308.4 

1559.5 

322.8 

Z6Z3.3 

II 

a8 

w^667 

z8z.s 

1453.5 

194.8 

1506.8 

308.7 

X560.4 

223.0 

z6z4.2 

89 

•4833 

18Z.7 

1454.3 

X9S.O 

1507.7 

308.9 

1561.3 

333.3 

z6z5.z 

39 

30 

.5000 

18Z.9 

1455.3 

X95.3 

1508.6 

209.Z 

Z563.3 

333.5 

z6x6.o 

30 

3X 

.5167 

X82.Z 

1456.Z 

195.5 

1509-5 

209.3 
209.6 

I563.X 

333.7 

x6i6.o 
x6i7.8 
X618.7 

31 

3a 

•5333 

z8a.3 

1457.0 

195-7 

z  5 10.4 

X  564.0 

324.0 

32 

33 

•SSoo 

Z83.5 

1457.9 

195-9 

Z5iz.a 

209.8 

1564.9 

324.3 

33 

34 

.5667 

X83.8 

1458.8 

196.3 

Z5Z3.Z 

2ZO.Z 

1565.7 

834-5 

16x9.6 

34 

35 

•5833 

Z83.0 

1459.7 

196.4 

Z5Z3.0 

310.3 

1566.6 

334.7 

Z620.5 

35 

36 

.6000 

Z83.3 

1460.6 

196.7 

ZS13.9 
z  5 14.8 

210.5 

1567.5 

88^.0 

z6ax.4 

36 

H 

.6167 

?4i 

X46Z.4 

Z96.9 

210.7 

1568.4 

335.3 

X633.3 

37 

38 

.6333 

Z463.3 

197-1 

1515-7 

3ZZ.O 

1569-3 

825.5 

X633.3 

38 

39 

^500 

Z83.8 

1463.2 

197.3 

Z5Z6.6 

311.3 

Z570.8 

335.7 

X634.Z 

39 

40 

.6667 

184.1 

Z464.Z 

197.6 

IS17.5 
15Z8.4 

311.5 

1571.1 

226.0 

X635.0 

40 

41 

.6833 

Z84.3 

Z465.0 

197-8 

3IZ.7 

1572.0 

226.8 

*$'§S 

41 

42 

.7000 

184.S 

1465.9 

Z98.0 

1519-3 

2X3.0 

1572.9 

326.5 

X636.8 

42 

43 

.7167 

184.7 

X466.8 

Z98.3 

1520.Z 

3X3.2 

1573.8 

336.7 

X627.7 

43 

44 

.7333 

Z85.0 

1467.7 

198.S 

Z53Z.O 

8X3.4 

1574.7 

337.0 

X638.6 

44 

Jl 

•7500 

Z85.3 

1468.6 

198.7 

152Z.0 

1533.8 

3X3.6 

1575.6 

337.3 

X639.5 

^1 

.7667 

JUi 

1469.S 

Z98.9 

312.9 

1576.5 

337.5 

X630.S 

46 

H 

.7833 

1470.3 

X99.X 

1523-7 

213.X 

1577.4 

227.7 

1631.4 

*2 

48 

^000 

Z8S.9 

1471.2 

199.4 
199.6 

Z524.6 

313.4 
3x3.6 

1578.3 

338.0 

1633.3 

48 

49 

^z67 

Z86.1 

1472.1 

1525.5 

1579.3 

838.2 

1633.3 

49 

SO 

.8333 

186.3 

1473.0 

X99.8 

1526.4 

8X3.9 

I580.X 

228.4 

1634.x 

50 

SI 

^500 

X86.5 
z86.8 

1473-9 

aoo.o 

1527-3 

2X4.Z 

Z58X.O 

228.6 

x63Sx> 

5X 

52 

.8667 

Z474-8 

300.3 

Z538.3 

214-4 
214.6 

X58X.9 
1583.8 

328.9 

^535.9 

53 

53 

.8833 

i87X> 

1475-7 

300.S 
300.S 

1529-1 

829.1 

X636.8 

53 

54 

.9000 

Z87.3 

Z476.6 

ZS30.0 

3x4.8 

1583.7 

339.4 

1637.7 

54 

55 

.9167 

187.4 
Z87.6 

X47H 
1478.3 

30Z.0 

1530.9 

315.0 

1584.6 

839.6 

X638.6 

55 

S6 

•9333 

3oz.a 

1531.7 

8X5.3 

1585.5 

839.9 

X639.S 

56 

li 

.9500 

Z87.8 

1479-2 

30X.4 

Z533.6 

3x5.5 
8X5.8 

1586.3 

330.1 

X640.4 

U 

^67 

Z88.X 

Z480.X 

201.7 

Z533.5 

*587.2 

830.4 

164X.3 

59  .9833 

Z88.3 

Z481.0 

301.9 

1534-4 

ax6.o 

XS88.Z 

330.6   1648.8  1 

SQ 

FUNCTIONS  OF  CWt-ljKiikEl-]  CURVE 

Uae  loo'  Chords  up  to  8*  Curves        Use  as'  Chords  up  to  $a*  Curves 
Use  50'  Chords  up  to  16°  Curves        Use  xo'  Chords  above  33*  Curves 


1?7 


1 

0 

Dec.  of 
Degree 

32- 

33  • 

34* 

35* 

1 

0 

Ext. 

Tan. 

Ext 

Tan. 

Ext 

Tan. 

Ext 

Tan. 

•COCO 

230.9 

1643.1 

346.x 

J^l 

36x.8 

J751.8 

878.X 

1806.7 

I 

^167 

23X.X 

1644.0 

246.3 

262.0 

1752.7 

278.4 
378.6 

1807.6 

I 

3 

•0333 

23x4 
231.6 

1644.9 

246.6 

X699.1 

262.3 

17537 

X808.5 

a 

3 

.osoo 

X64S.8 

346.8 

X  700.0 

263.6 

1754.6 

378.9 

18094 

3 

4 

.0667 

331.9 

1646.7 

347.1 

1700.9 

363.9 

1755.5 

379.3 

18x0.3 

4 

5 

^33 

232.1 

1647.6 
1648.S 

3474 

1 701 .8 

863.x 

17564 

279.4 

x8xx.8 

5 

6 

.xooo 

332.4 

247.7 

1702.7 

263.4 

17573 

279.7 

X8X2.3 

6 

7 

.1x67 

232.6 

1649.4 

347.9 

X703.6 

363.7 

1758.3 

a8o.o 

18x3.1 

7 

8 

•1333 

332.9 

16SO.3 

248.2 

X704.5 

264.0 

1759.1 

880.3 

18x40 

8 

9 

.1500 

2331 

i6si.a 

3484 

1705.4 

264.3 

X  760.0 

380.6 

18x4.9 

9 

10 

.1667 

233-4 
233-6 

x6s2.i 

348.7 

X  766.4 

264.5 

176X.O 

a8a8 

18x5.8 
18x6.7 

xo 

II 

.1833 

i6s3.o 

348.9 

1707.3 

264.7 

lltH 

38X.1 

XI 

12 

.2000 

333-9 

1653.9 

249.2 

1708.2 

365.0 

88x4 

18x7.7 

x8x8.6 

X3 

13 

.2167 

234.x 

x6S4.8 

349-4 

1709.1 

365-3 

1763.7 

881.6 

13 

14 

.2333 

2344 

1655.7 

249.7 

x7xao 

365.6 

1764.6 

881.9 

1819.S 

14 

'1 

.3S0O 

334.6 

i6s6.6 

249.9 

1710.9 

365.9 

1765.5 

383.8 

18304 

IS 

16 

.2667 

234.9 

x6s7.S 

3S0.3 

X7XI.8 

366.x 

17664 

883.5 

X83X.3 

16 

17 

.2833 

235.1 

x6s8.4 

250.S 

17x2.7 

366.4 

1767.3 

383.7 

x8a3.3 

17 

18 

..3000 

235-4 
235.0 

1659.3 

350.8 

1713.6 

366.7 

1768.3 

383.0 

1823.2 

18 

19 

.3167 

1660.2 

8SX.O 

1714.5 

366.9 

1769.2 

383.3 

X824.X 

19 

30 

•3333 

235.9 

i66x.x 

25X.3 

1715-5 

367.3 

1770.1 

883.6 

1825.0 

20 

21 

.3500 

236.1 

X662.0 

251.5 

17164 

267.4 

X77I.O 

283-9 

X825.9 
1826.8 

21 

33 

.3667 

236.4 
236.6 

X662.9 

3SI.8 

1717.3 

867.7 

1771.9 

884.8 

23 

23 

.3833 

1663.8 

3S3.0 

17x8.2 

268.0 

X772.8 

8844 

X827.7 

23 

24 

^000 

336.9 

1664.7 

252.3 

1719.1 

368.3 

1773.7 

884.7 

1828.7 

24 

as 

.4167 

237.x 

1665.6 

3S3.6 

1730.0 

368.6 

1774.6 

385.0 

1829.6 

25 

26 

.4333 

237.4 
237.0 

1666.S 

252.9 

X720.9 

368.8 

1775-6 

885.3 

X830.5 

26 

11 

.4500 

1667.4 

2531 

1721.8 

369.1 

1776.5 

385.6 

X83X.4 

27 

^667 

237.9 

1668.3 

253-4 
253.0 

1722.7 

369.6 

17774 

285.9 

1832.3 

28 

39 

.4833 

238.x 

1669.2 

1723.6 

1778.3 

386.1 

X833.2 

29 

30 

.5000 

238.4 

X670.X 

253-9 

1724.6 

369.9 

1779.2 

386.4 

1834.2 

30 

St 

.S167 

238-7 

167X.0 

2S4.X 

1725.5 

370.x 

1780.1 

386.7 

X835-X 

31 

32 

.5333 

239.0 

X67X.9 

254.4 

X726.4 

270.4 

1781.0 

387.0 

1836.0 

33 

33 

.5500 

239.2 

1672.8 

254.7 

1727.3 

370.7 

1781.9 

387.2 

1836.9 

33 

34 

.5667 

239.5 

1673.7 

255.0 

X728.2 

37X.0 

1783.9 

287.5 

X837.8 

34 

35 

.5833 

239.7 

1674.6 

255.2 

1729.X 

371.8 

1783.8 

887.8 

1838.7 

35 

36 

.6000 

240.0 

1675.5 

255-5 

1730.0 

271.S 

1784-7 

388.x 

18397 

36 

H 

.6167 

240.2 

1676.4 

255-7 

1730.9 

271-7 

1785.6 

388.4 

1840.6 

37 

38 

.6333 

240.5 

X677.4 

356.0 

173X.8 

373.0 

1786.5 

388.7 

1841.5 

38 

39 

.6soo 

340.7 

X678.3 

356.3 

1732.7 

373.3 

17874 

389.0 

1842.4 

39 

40 

.6667 

341.0 

X679.2 

356.5 

1733-6 

372.6 

17884 

389.3 

X8434 

40 

41 

.6833 

34X.3 

X680.X 

356.8 

1734-5 

272.9 

17893 

889-5 

1844-3 

41 

43 

.7000 

241.5 

x68x.o 

257.1 

1735-5 

273-1 

X790.3 

389.8 

1845.2 

42 

43 

.7167 

241.7 

168X.9 

257.3 

1736.4 

273.4 

1791.1 

890.x 

1846.1 

43 

44 

.7333 

343.0 

X683.8 

257.6 

1737.3 

273-7 

X793.0 

390.4 

1847.1 

44 

^1 

.7SOO 
.7667 

242.2 

1683.7 

257.8 

1738.2 

274-0 

1792.9 

390.6 

1848.0 

45 

46 

242.S 

1684.6 

3S8.X 

1739-1 

374-2 

1793.9 

390.9 

1848.9 
1849.8 

46 

^2 

.7833 

242.7 

*5§l-s 

258.3 

X  740.0 

274-S 

X  794.8 

391.3 

47 

48 

.8000 

243.0 

X686.4 

358.6 

1740.9 

374-8 

1795.7 

291.5 

1850.7 

48 

49 

.8x67 

243.2 

1687.3 

258.9 

1 741.8 

275.0 

1796.6 

391. 8 

X851.6 

49 

so 

.8333 

243.5 

1688.2 

359.3 

1742.7 

275.3 

1797.S 

392.0 

185  3.6 

50 

SI 

•212° 

243.8 

1689.1 

259.4 

1743.6 

375-6 

1798.4 

292.3 

1853.5 

51 

Sa 

.8667 

244.x 

1690.0 

2597 

1744.6 

275-9 
376.x 

1799-3 

293.6 

1854.4 

52 

53 

.8833 

244-3 

1690.9 

2599 

1745.5 

X800.3 

292.9 

1855-3 

53 

.54 

.9000 

244.6 

X69X.8 

360.3 

1746.4 

276.4 

X80X.3 

293.2 

1856.3 

54 

% 

.9167 

344.8 

1692.7 

360.5 

1747-3 

876.7 

1803.X 

293.4 

1857.2 

55 

•9333 

34S.I 

1693.7 

360.8 

X748.2 

377.0 

X803.0 

293.7 

I858.I 

56 

H 

.9500 

245-3 

X694.6 

361.0 

1749.1 

277.3 

X803.9 

294.0 

1859.0 

57 

.9667 

245-6 

1695-5 

261.3 

1750.0 

377-S 
277.8 

1804.8 

294.3 
394.6 

1859.9 

58 

S9 

.9833 

345.8 

X696.4 

36X.5 

1750.9 

1805.7 

1860.8 

59 

650 


inci  o\ji\.\rjr 


Use  loo'  Chords  up  to  8**  Curveg 
Use  50'  Chords  up  to  16**  Curves 


Use  35'  Chords  up  to  32*  Curves 
Use  xo'  Chords  above  33*  Curves 


s 

"StJ 

36* 

37- 

38- 

39- 

1 

1 

0 

^1 

1 

1 

0 

Ezt. 

Tan. 

Ezt. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

.0000 

294.9 

x86x.8 

312.3 

1917.3 

330.2 

1973.0 

348.7 

2029.1 

X 

.0167 

295.2 

X862.7 

312.S 

X918.2 

330.5 

1973.9 

349.0 

2030.0 

X 

2 

•0333 

295.4 

X863.6 

312.8 

X919.X 

330.8 

1974-9 

349.3 

303 x.o 

3 

3 

.0500 

295.7 

X864.5 

3131 

X920.0 

331.1 

1975.8 

349-6 

303X.9 

3 

4 

.0667 

396.0 

1865.5 

3x34 

X92X.0 

331.4 

1976.7 

349.9 

3032.9 

4 

5 

.0833 

296.3 

X866.4 

3x3.7 

X931.9 

331.7 

1977.6 

350.3 

2033.8 

5 

6 

.1000 

296.6 

X867.3 

314.0 

X922.8 

332.0 

X978.6 

350.6 

2034.7 

6 

7 

.1x67 

296.9 

X868.2 

314.3 

1923.7 

332.3 

1979.5 

350.9 

2035.6 

7 

8 

.1333 

297.2 

1869.2 

314.6 

1924.7 

332.6 

1980.5 

351.2 

2036.6 

8 

9 

.1500 

297.5 

X870.1 

314.9 

X925.6 

332.9 

X98X.4 

351.S 

2037.S 

9 

10 

.X667 

297.7 

X871.0 

315.2 

1926.5 

333.2 

X982.3 

351.8 

2038.5 

10 

II 

.1833 

298.0 

1871.9 

315.5 

1927.4 

333.5 

X983.2 

352.1 

2039.4 

XI 

13 

.2000 

298.3 

X872.9 

315.8 

X928.4 

333.8 

X984.2 

352.4 
352.8 

3040.4 

13 

13 

.2167 

298.6 

X873.8 

316.x 

1929.3 

334.2 

X98S.X 

2041.3 

13 

14 

.2333 

298.9 

X874.7 

3164 

X930.2 

334.5 

X986.1 

353.1 

2043.3 

14 

IS 

.2500 

299.2 

X875.6 

316.7 

1931.1 

334.8 

1987.0 

353.4 

3043.3 

IS 

x6 

.2667 

299.5 

X876.S 

317.0 

1932.X 

335.1 

1987.9 

353.7 

2044.1 

16 

17 

.2833 

299.7 

^577-4 

317.2 

19330 

335.4 

X988.8 

354.0 

2045.0 
2046.0 

17 

x8 

.3000 

300.0 

X878.4 

317.5 

1933.9 

335.7 

X989.8 

354.3 

18 

19 

.3x67 

300.3 

1879.3 

317.8 

1934.8 

336.0 

1990.7 

354.6 

3046.9 

19 

30 

•3333 

300.6 

X880.2 

318.X 

1935.8 

336.3 

1991.7 

354.9 

2047.9 
3048.8 

20 

3X 

.3500 

300.9 

x88x.i 

3x8.4 

1936.7 

336.6 

X992.6 

355.3 

21 

33 

.3667 

30X.2 

X883.X 

318.7 

1937.6 

336.9 

1993.6 

355.6 

2049.8 

23 

33 

.3833 

30X.5 

X883.0 

319.0 

1938.5 

337.2 

1994.5 

355.9 

2050.7 

23 

24 

.4000 

30X.8 

X883.9 

319.3 

1939.5 

337.S 

1995.4 

356.3 

2051.7 

24 

^1 

.4x67 

302.0 

X884.8 

3x9.6 

X940.4 

337.8 

1996.3 

356.6 

2052.6 

*§ 

36 

•4333 

302.3 

X885.8 

319.9 

1941.3 

338.x 

1997.3 

356.9 

2053.5 

26 

37 

•4500 

302.6 

X886.7 

320.2 

X942.2 

338.4 

X998.2 

357.2 

2054.4 

^1 

28 

^667 

302.9 

X887.6 

320.5 

1943.2 

338.7 

1999.2 

357.5 

2055.4 

28 

29 

.4833 

303.2 

X888.5 

320.8 

1944.1 

339.1 

2000.X 

357-8 

2056.3 

29 

30 

.5000 

303.5 

1889.5 

33X.X 

1945.0 

339.4 

200X.0 

358.1 

2057.3 

30 

31 

.5x67 

303.8 

X89O.4  : 

321.4 

1945.9 

339-7 

200X.9 

3S8-4 

2058.S 

31 

32 

•5333 

304.1 

189I.3 

32X.7 

X946.9 

340.0 

2002.9 

358.8 

2059.3 

3a 

33 

.5500 

304.3 

X892.2 

322.0 

1947.8 

340.3 

2003.8 

359.1 

3060.1 

33 

34 

.5667 

304.6 

1893.2 

322.3 

X948.8 

340.6 

2004.8 

359.4 

306X.X 

34 

35 

.5833 

304.9 

X894.X 

322.6 

1949.7 

340.9 

2005.7 

359.8 

2062.0 

35 

36 

.6000 

305.3 

X895.O 

322.9 

1950.6 

341.2 

2006.6 

360.x 

2063x3 

36 

37 

.6167 

305.5 

1895.9 

323.2 

1951.5 

341.5 

2007.S 

360.4 

2063.9 

37 

38 

.6333 

305.8 

X896.9 

323.5 

1952.5 

341.8 

2008.5 

360.7 

2064.8 

38 

39 

.6500 

306.x 

X897.8 

323.8 

1953.4 

342.x 

2009.4 

36X.0 

2065.7 

39 

40 

.6667 

306.4 

X898.7 

324.2 

1954.4 

342.4 

2010.4 

361.3 

2066.7 

40 

41 

.6833 

306.7 

X899.6 

324.5 

1955.3 

342.8 

201 X. 3 

361.6 

2067.6 

41 

42 

.7000 

307.0 

1900.6 

324.8 

1956.2 

343.1 

20x2.3 

362.0 

2068.6 

42 

43 

.7x67 

307.2 

I9OX.5 

325.1 

1957.1 

343.4 

2013.2 

362.3 

2069.5 

43 

44 

.7333 

307.5 

1902.4 

325.4 

X9S8.X 

343.7 

20x4.x 

362.6 

2070.5 

44 

4S 

.7500 

307.8 

1903.3 

325.7 

1959.0 

344.0 

2015.0 

363.0 

207X.4 

45 

46 

.7667 

308.x 

1904.3 

326.0 

X960.0 

344.3 

2016.0 

363.3 

2072.4 

46 

47 

.7833 

308.4 

X905.2 

326.3 

X  960.9 

344.6 

2016.9 

363.6 

2073.3 

47 

48 

.8000 

308.7 

X906.X 

326.6 

X96X.8 

344.9 

2017.9 

363.9 

2074.2 

48 

49 

.8x67 

309.0 

1907.0 

326.9 

X962.7 

345.3 

2018.8 

364.2 

2075.1 

49 

SO 

•8333 

309.3 

X  908.0 

327.2 

1963.7 

345-6 

20x9.7 

364.5 

2076.x 

50 

SI 

.8500 

309.6 

X908.9 

327.5 

X964.6 

345-9 

2020.0 

364.9 

2077.0 

51 

S2 

.8667 

309.9 

X909.8 

327.8 

1965.5 

346.2 

2021.6 

365.2 

2078.0 

52 

S3 

.8833 

310.2 

X9X0.7 

328.x 

X966.4 

346.S 
346.8 

2022.5 

365.S 

2078.9 

53 

54 

.9000 

310.S 

19". 7 

328.4 

1967.4 

2023.5 

365.8 

2079.9 

54 

55 

.9x67 

310.8 

X9X2.6 

328.7 

X968.3 

347.1 

2024.4 

366.2 

2080.8 

^1 

56 

•9333 

3x1.1 

1913.5 

329.0 

1969.3 

347.4 

2025.4 

35§l 

208X.8 

57 

.9500 

3x1.4 

1914-4 

329.3 

1970.2 

347-8 

2026.3 

366.8 

2082.7 

57 

58 

.9667 

311.7 

1915.4 

329.6 

1971.1 

348.x 

2027.2 

367.1 

2083.7 

58 

59 

.9833 

312.0 

19x6.3 

329.9 

X972.0 

348.4 

2028.1 

367.4 

2084.6 
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Vie  so'  Chords  up  i 
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Use  xoo'  Chords  up  to  8*  Curves       Use  as*  Chords  up  to  33*  Curvet 
Use  50'  Chords  up  to  16*  Curves       Use  zo'  Chords  above  33*  Curves 


1 

a 

s 

0 

Dec.  of 
Degree 

44* 

45- 

46V 

47- 

1 

Ext 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

450.0 

2315.1 

472.1 

2373.4 

494.8 

3432.3 

S18.3 

2491.S 

0 

I 

.0167 

450.4 

3316.0 

472.5 

2374.4 

495.2 

2433.2 

518.7 

3492.4 

I 

3 

.0333 

450.7 

3317.0 

472.9 

23754 

495.6 

2434.2 

S19.0 

3493.4 

2 

3 

.0500 

4511 

3318.0 

473.3 

3376.3 

496.0 

3435.1 

519.4 

2494.4 

3 

4 

x)667 

451-5 

3319.0 

473.6 

2377.3 

496.4 

3436.1 

S19.8 

2495.4 

4 

S 

^33 

45x9 

3319-9 

474.0 

2378.3 

496.7 

2437.1 

530.3 

3496.4 

5 

6 

.1000 

452.3 

3330.9 

474.4 

2379.3 

497.2 

3438.1 

530.6 

2497.4 

6 

7 

.1167 

452.6 

3331.8 

474.8 

3380.3 

497.6 

2439.1 

531.0 

2498.4 

7 

8 

.1333 

45.2.9 

3333.8 

475.1 

3381.3 

497.9 

3440.1 

521.4 

2499.4 

8 

0 

.1500 

453.3 

3333.8 

475.5 

3383.2 

498.3 

3441.1 

531.8 

2500.4 

9 

ID 

.1667 

453.7 

3334.8 

475.9 

3383.3 

498.7 

3443.1 

533.3 

2501.4 

10 

II 

J833 

4S4-I 

2325-7 

476.3 

3384.3 

499.1 

2443.0 

533.6 

2502.4 

IX 

13 

.3000 

454-4 
454.8 

3336.7 

476.6 

3385.3 

499.5 

3444.0 

523.0 

2503.4 

Z2 

13 

.3167 

2327.7 

477.0 

3386.1 

499.9 

2445.0 

5234 

2504.4 

13 

14 

•2333 

455-1 

3338.7 

477.4 

3387.1 

500.3 

3446.0 

523.8 

2505.4 

14 

IS 

.3500 

455.5 

3339.6 

477.8 

3388.1 

500.7 

3447.0 

524.2 

2506.3 

'1 

16 

.3667 

455-9 

3330.6 

478.1 

3389.1 

sor.o 

2448.0 

524.6 

2507.3 

z6 

17 

.2833 

456.3 

3331.6 

478.5 

3390.0 

S01.4 

2449.0 

525.0 

2508.3 

H 

18 

.3000 

456.6 

3333.6 

478.9 

3391.0 

501.8 

2449.9 

525.4 

2509.3 

x8 

19 

.3167 

457.0 

2333.5 

479.3 

3393.0 

503.3 

3450.9 

525.8 

2510.3 

19 

30 

•3333 

457-3 

2334-5 

479-6 

2393.0 

S03.6 

3451.9 

536.3 

2511.3 

20 

31 

.3500 

457-7 

2335.4 

480.0 

2393.9 

503.0 

3452.9 

536.6 

2512.3 

21 

33 

.3667 

458.1 

3336.4 

^'i 

2394.9 

503.4 

2453.9 

537.0 

2513.3 

33 

33 

.3833 

^sfs 

2337.4 

480.8 

2395.9 

503.8 

2454.9 

527.4 

2514-3 

23 

24 

.4000 

458.8 

2338.4 

481.1 

2396.9 

504.1 

2455.9 

527.8 

2515.3 

24 

11 

.4167 

459.2 

2339.3 

481.5 

2397.8 

504.5 

3456.8 

5*§-! 

2516.3 

25 

^333 

459.5 

2340.3 

481.9 

3398.8 

S04.9 

2457.8 

538.6 

2517.3 
2518.3 

36 

U 

.4500 

459.9 

2341.3 

483.3 

2399.8 

S05.3 

3458.8 

529.0 

H 

.4667 

460.3 

2342.3 

483.6 

3400.8 

505.7 

2459-8 

529.4 

2519.3 

38 

39 

.4833 

460.7 

2343.2 

483.0 

340X.8 

506.1 

^460.8 

529.8 

2520.2 

29 

30 

.5000 

461.0 

2344.2 

483.4 

3403.8 

506.5 

3461.8 

530.2 

2521.2 

30 

3X 

.5167 

461.4 

2345-1 

483.8 

2403-7 

506.9 

3463.8 

S30.6 

2522.3 

31 

33 

•5333 

461.7 

3346.1 

484.2 

3404.7 

507.3 

3463.8 

531.0 

2523.2 

32 

33 

•5SOO 

463.1 

3347.1 

484.6 

2405.7 

5077 

3464.7 

S31.4 

2524.3 

33 

34 

.5667 

463.S 

3348.1 

484.9 

3406.7 

508.0 

3465.7 

531.8 

2525.2 

34 

35 

.5833 

463.9 

2349-0 

485.3 

3407.6 

5^i 

3466.7 

532.2 

2526.2 

35 

36 

.6000 

463.2 

3350.0  1 

485.7 

3408.6 

508.8 

2467.7 

532.6 

2527.2 
2538.2 

36 

37 

.6167 

463.6 

2351.0 

486.1 

3409.6 

509.3 

3468.7 

533.0 

32 

38 

.6333 

463.9 

3352.0 

486.S 

3410.6 

509.6 

2469.7 

533.4 

2529.2 

38 

39 

.6300 

464.3 

2352.9 

486.9 

34ZI.6 

510.0 

2470.7 

533.8 

2530.2 

39 

40 

.6667 

464.7 

2353.9 

^H 

3413.6 

S10.4 

3471.7 

534.2 

253X.2 

40 

41 

.6833 

465-0 

2354.9 

487.6 

2413.5 

510.8 

3473.6 

534.6 

2S3a.a 

41 

42 

.7000 

465.4 

2355.9 

^•° 

3414.5 

511.1 

2473.6 

535.0 

2533.2 

42 

43 

.7167 

465-8 

3356.8 

^•4 

2415.5 

511.5 

3474.6 

535.4 

2S34.a 

43 

44 

.7333 

466.3 

3357.8 

488.7 

3416.S 

511.9 

2475.6 

S3S.8 

253S.a 

44 

45 

.7500 

466.S 

3358.8 

489.1 

24*7.5 

512.3 

3476.6 

536.2 

2536.3 

J2 

46 

.7667 

466.9 

2359-8 

489.5 

2418.5 

512.7 

3477.6 
3478.6 

536.6 

2537.2 

47 

.7833 

467.3 

3360.7 

489.9 

2419.4 

513.1 

S37.0 

2538.2 

^2 

48 

.8000 

467.7 

3361.7 

490.3 

3420.4 

513.5 

2479.6 

537.4 

2539.2 

48 

49 

.8167 

468.0 

3363.7 

490.7 

8431.4 

S13.9 

348a6 

537.8 

2540.2 

4Q 

50 

.8333 

t^&i 

2363.7 

491.0 

3433.4 

514.3 

3481.6 

538.2 

254X.a 

50 

5X 

.8500 

3364.6 

491.4 
491.8 

3433.4 

514.7 

3483.5 

538.6 

2542.2 

SI 

5a 

.8667 

469.1 

3365.6 

2424.4 

S15.1 

2483.5 

S39.0 

2543*2 

52 

53 

.8833 

469.5 

3366.6 

492.3 

2425.3 

515.5 

3484.5 

539.4 
539.8 

2544.2 

Si 

54 

.9000 

469.9 

3367.6 

493.5 

2426.3 

515.9 

2485.S 

2545.2 

S4 

S5 

.9167 

470.3 
470.6 

2368.S 

492.9 

2427.3 

S16.3 

3486.S 

S40.2 

2546.2 

H 

56 

.9353 

2369.5 

493.3 

2428.3 

S16.7 

*487.S 

540.6 

2547.2 
2548.2 

57 

.9500 

471.0 

2370.5 

493.7 

3439.3 

S17.1 

3488.S 

541.0 

*2 

18 

-9667 

471.4 
471.8 

3371.5 

494.1 

3430.3 

517.S 

2489.5 

541.4 

2549.2 

S8 

9 

.9833 

2372.4 

494.5 

3431.2 

517.9 

2490.5 

S41.9 

2SSO.X 
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FUNCTIONS  OF  ONE-DEGREE/  CURVE 

Use  loo'  Chocds  up  to  8*  Curves        Use  25'  Chords  up  to  3a*  Curves 
Use  50'  Chords  up  to  z6*  Curves        Use  zo'  Chords  above  3a*  Curves 
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SX- 

1 

Ext 

Tan. 

£zt. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

542.3 

355X.Z 

567.0 

26ZZ.3 

592.4 

367Z.9 

6x8.5 

2733.0 

0 

I 

.0167 

S42.7 

3553.Z 

567.4 

2612.3 

592.8 

3672.9 

618.9 

3734.x 

X 

3 

•0333 

543.1 

3553.1 

567.8 

2613.3 

593.2 

2673.9 

6x9.3 

373S.X 

2 

3 

.0500 

543-5 

3554.1 

568.3 

2614.3 

593.7 

36750 

6x9.8 

3736.x 

3 

4 

0667 

5439 

2555.1 

568.7 

2615.3 

594.x 

36760 

62a  2 

2737^x 

4 

5 

^33 

544.3 

2556.Z 

569.1 

2616.3 

594-5 

3677.0 
a678o 

620.7 

2738.2 

5 

6 

.zooo 

5447 

2557.x 

569.5 

2617.3 

594.9 

62X.X 

3739.2 

6 

7 

.Z167 

54S.X 

3S58.Z 

569.9 

2618.3 

5954 

3679.0 

62X.6 

374a2 

7 

8 

.Z333 

545.S 

2SS9.X 

570.3 
570.8 

2619.3 

595.8 

3680.0 

622.0 

274X.2 

8 

9 

.Z500 

546.0 

3560.Z 

2620.4 

596.2 

a68z.z 

622.5 

2742.3 

9 

zo 

.Z667 

fl^i 

356z.z 

57X.2 

262Z.4 

596.7 

3683.Z 

622.9 

2743.3 

xo 

zz 

.1833 

3563.Z 

57X.6 

2623.4 

597.x 

3683.x 

623.3 

2744.3 

ZX 

la 

.3000 

547.2 

3S63.Z 

572.0 

3633.4 

597.5 

S684.X 

623.7 

2745.3 

Z2 

13 

.3167 

547.6 

3564.Z 

572.4 
572.8 

3634.4 

598.0 

3685.1 

624.2 

2746.4 

X3 

14 

.2333 

S4«.o 

2565.Z 

8635.4 

598.4 

3686.Z 

624.6 

2747.4 

X4 

15 

.3500 

t&i 

3566.Z 

573.3 

3636m| 

598.9 

3687.8 

625.Z 

2748.4 

X5 

z6 

.3667 

3S67.Z 

573.7 

2637.4 

599.3 

3688.3 

625.5 

2749.4 

z6 

11 

.3833 

549.2 

2568.Z 

574.x 

2628.4 

599-7 

2689.2 

626.0 

2750.5 

17 

^000 

549-6 

3569.Z 

574.5 

3639.4 

600.1 

2690.2 

626.4 

275X.5 

z8 

19 

^167 

SSO.Z 

3570.Z 

574.9 

3630.4 

600.6 

269Z.3 

626.9 

2752.5 

X9 

30 

•3333 

550.5 

2571.Z 

575.3 
57S.8 

363Z.4 

60Z.0 

2692.3 

627.3 

2753.5 

80 

3Z 

.3500 

SS0.9 

2573.Z 

3632.5 

601.5 

2693.3 

627.8 

2754.6 

3Z 

33 

.3667 

55x3 

2573.X 

576.2 

2633.5 

601.9 

2694.3 

628.3 

2755-6 

33 

23 

.3833 

551.7 

2574Z 

576.6 

3634.5 

602.3 

2695.3 

628.7 

2756.7 

83 

84 

^000 

SS2.Z 

2S7S.I 

577.0 

2635.5 

602.7 

3696.3 

629.Z 

2757.7 

24 

25 

^167 

552.5 

3576.Z 

577.5 

2636.5 

603.2 

2697.4 

629.6 

2758.7 

25 

36 

•4333 

552.9 

2577.1 

577.9 

2637.5 

603.6 

2698.4 

630.0 

2759.7 

36 

27 

.4500 

553-3 

2578.Z 

578.3 

2638.5 

604.1 

2699.4 

630.5 

2760.8 

27 

28 

.4667 

SS3.7 

2S79.Z 

578.7 

2639.5 

604.5 

2700.4 

630.9 

276X.8 

38 

39 

.4833 

5542 

2580.Z 

579.2 

2640.5 

604.9 

270X.4 

631.4 

2762.8 

89 

30 

.5000 

554.6 

358Z.Z 

579.6 

364Z.5 

^H 

2702.4 

631.8 

2763.8 

30 

31 

.5167 

SSS-o 

3582.Z 

580.0 

3643.5 

605.8 

2703.S 

632.3 

2764.9 

3X 

32 

•5333 

5554 

3S83.Z 

580.4 

3644.6 

606.2 

2704.5 

632.7 

2765.9 

32 

33 

.5500 

55S-8 

3584.Z 

580.9 

606.6 

2705.5 

633.2 

2766.9 

33 

34 

.5667 

556.2 

258S.X 

58x3 

3645.6 

607.0 

2706.5 
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THE  SURVEY 


Use  xoo'  Chocds  up  to  8°  Curves       Use  25'  Chords  up  to  3a"  Curves 
Use  50'  Chords  up  to  16**  Curves       Use  zo'  Chords  above  33*  Curves 
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FUNCTIONS  OF  ONE-DEGREE  CURVE 

Use  loo'  Chords  up  to  8"  Curves    Use  as'  Chords  up  to  32*  Curves 
Use  50'  Chords  up  to  16*  Curves    Use  xo'  Chords  above  33*  Curves 
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3297.x 

50 

SI 

•?I5® 

785.5 

310X.4 

816.7 

3x66.4 

848.7 

3232.0 

881.5 

3298.2 

51 

52 

.8667 

786.0 

3102.S 
3x03.6 

817.2 

3167.4 

849.2 

3233.x 

882.0 

3299.3 

52 

53 

.8833 

786.6 

817.8 

3168.S 

849.8 

3234.2 

882.6 

3300.4 

53 

54 

.9000 

787.1 

3104.6 

8x8.3 

3x69.6 

850.3 

3235.3 

883.1 

330X.5 

54 

55 

.9x67 

787.6 

3x05.7 

8x8.8 

3x70.7 

850.9 

3236.4 

883.7 

3302.6 

H 

56 

•9333 

788.1 

3x06.8 

819.3 

3171.8 

85X.4 

3237.5 

884.2 

3303.8 

56 

57 

.9500 

788.6 

3107.9 

8x9.9 

3172.9 

852.0 

3238.6 

884.8 

3304.9 
3306.0 

^l 

S8  .9667 

789.1 

3x08.9 

820.4 

3x74.0 

852.5 

3239.7 

885.3 

S8 

59  ^33 

789.7 

31 10.0 

820.9 

3x751 

853.0 

3240.8 

885.9 

3307.x 

59 

THE  SURVEY 


E:;? 

'Cl»Kbiipto8*Ciir« 
Cbotda  up  to  16°  Cums 

S:sastts-?ss 

1 

II 

50" 

6,-           [           6a- 

6.- 

s 

1 

£lL 

TUL 

Eit 

Tan. 

Elt. 

TuL 

Ert- 

Tin. 

l 

s 
i 

s 

^167 

3!? 

iisoo 
.1667 
■>S3J 

i 

-316V 
x 

■4167 
-4333 

i 

:!«? 

.6167 
.6333 

.6667 

■ml 

■.X 
■]^ 
.8167 
.B333 

.9000 

^,167 

p 

i 

a* 
Zi 

a9..s 

900.5 

901.0 

901.7 

904.4 
964.9 

906.1 
SS6.6 

908.8 

i-i 

916.8 

018.0 
eis.6 

3308.. 
3309.3 

3313-8 

IH 

|3 

M36.. 

ae 

3J30-4 
3J4I-S 

JJ46.1 

Ifd 

33SJ-8 

11 

3361.8 

33Si-fl 

3369.6 
3371* 

91^ 
S'3'6 

gi 

S; 
SI 

918.7 

9>9.3 

959-9 

931-6 

93 '.B 

Si 

i 

9*0-4 

1 

943^ 
944-4 

94S.S 

g:; 
SI 

9S1J 

953^0 
9S3-6 

3380.8 
338'.9 
3383-1 

'^l 
33M.. 

m 

3390-9 

33W-J 

|K 

34<'l-> 
3404-4 

11^7 
3407-8 
3408-0 

3414-6 

3418-0 

34>9-» 

ii 

34>6xi 

sli 

3430-t 
3431  ■« 

3433-* 
34J4J> 
3436.1 

343S!4 

3440.7 

954.8 

Si 

9SB.9 

SSI 

960.7 

& 

963.6 

& 
& 

966.6 

s- 

968^, 
969.S 

97».S 

974.8 

976.6 
977:8 
9T8-t 

ii 

S..6 

986.7 
987.3 

Si 

989.7 

3448.6 
3451-0 

Lfl 
3460.0 

34«7-9 

3469.0 

J47I-3 

Si 

j48a-7 
34S3.9 
34||-o 

34St4 

SS:I 

349^7 
3404-3 

i 

ii 

990-9 

996-3 

996.9 

^i 
998-7 

1004-7 

toos-s 
roi4-S 

ill 

Si 

.■..8.7 

3:! 

1:3 

3SI+-B 

Si 

3Saa.8 
3J14-0 

35.8-6 

353 a -0 

1 

JS38.9 

3140.0 

El 

IS; 

3S49-a 

3SSI-6 

3SS1-7 

lb 

356j.» 

3564-3 

l&i 

JS67-7 
3568.9 
3S70-O 

-*S73.S 
3S74-6 

ill 

3IJ9-3 

1 

I 

;1 

i 

18 

>9 
30 

1 

40 

u 

s 

i 

FUNCTIONS  OF  ONE-DEGREE  CURVE 


3»S 


Use  zoo'  Chords  up  to  8 

"Curves 

Use 

25'  Chords  UP  to 

«3"  Curves 

Use  so'  Chords  upto  x6*  Curves   Use  zo'  Chords  above  33*  Curves 

0 

*8S 

^1 

64' 

65'. 

66" 

67- 

5 

Ext 

Tan. 

Ext. 

Tan. 

Ext 

Tan 

Ext 

Tan. 

.0000 

Z026.7 

3580.4 

Z064.0 

3651.6 

XZ02.2 

3721.Z 

1Z41.5 

3792.6 

0 

I 

^oz67 

1027.3 

3581.6 

Z064.6 

XZ02.9 

3723.3 

ZZ43.2 

3793.8* 

z 

3 

.^333 

Z037.9 

3582.8 

1065.2 

3652.8 

ZX03.5 

3723.4 
3724.6 

z  142.8 

3795.0 

3 

3 

wosoo 

Z028.6 

3583.9 

1065.9 

3654.0 

X104.2 

1143.5 

3796.2 

3 

4 

mUj 

Z02g.2 

3585.x 

Z066.5 

3655.1 

ZZ04.8 

3725.8 

ZZ44.X 

3797.4 

4 

J 

^33 

Z039.8 

3586.3 

Z067.X 

3656.3 

ZZ05.5 

3727.0 

ZZ44.8 

3798.6 

5 

6 

.zooo 

Z030.4 

l^i 

Z067.7 

3658!6 

XX06.X 

3728.2 

1145-4 

3700.8 

6 

7 

.ZZ67 

Z03Z.Z 

Z068.4 

XX06.8 

3729.4 
3730.6 

ZX46.1 

38OX.O 

I 

8 

.1333 

Z03Z.7 

3589.7 

Z069.0 

3659.8 

XX07.4 

XX46.7 

3802.2 

9 

.Z500 

1032.3 

3590.9 

X069.6 

366Z.0 

ZZ08.Z 

3731.7 

1147.4 

3803.4 

9 

10 

.1667 

Z032.9 

3592.1 

Z070.2 

3662.2 

1x08.7 

3732.9 

ZZ48.Z 

3804.6 

zo 

ZI 

.X833 

X033-S 

3593.3 

Z070.9 

3663.4 

11094 

3734.1 

ZZ48.8 

3805.8 

zz 

12 

.3000 

X034.I 

3594.4 

1071.5 

3664.5 

XXX0.0 

3735.3 

1149.4 

3807.0 

Z2 

13 

.2x67 

Z034JJ 

3595.5 

X072.X 

3665.7 

XZZ0.7 

3736.5 

XZ50.Z 

3808.2 

13 

14 

.2333 

ZQ3Sw| 

3596.7 

X072.7 

3666.9 

ZZZZ4 

3737.7 

xi5a7 

3809.4 

14 

« 

.3300 

Z036.0 

3597.9 

1073.4 

3668.0 

ZZZ2.0 

3738.9 

1151.4 

38Z0.6 

15 

z6 

.2667 

X036J5 

3599.x 

Z074.0 

3669.2 

ZXZ2.6 

3740.1 

ZX52.0 

38XZ.8 

z6 

'2 

.2833 

X037.3 

3600.3 

Z074.6 

367Z.6 

XIX3.3 

374X.3 

1152.7 

38x3.0 

17 

18 

.3000 

1037.9 

3602^ 

1075.2 

1113.9 

3742.4 

1153.3 

38x4.2 

z8 

19 

^167 

Z038.5 

1075.9 

3672.8 

IZZ4.6 

3743.6 

ZZ54-0 

38x54 

19 

90 

^33 

Z039.Z 

3603.7 

Z076.6 

3673.9 

III  5.2 

3744.8 
3746.0 

1154.7 

38x6.6 

20 

31 

.3500 

X039.7 

X077.2 

3675.0 

11x5.9 

1155.4 

3817.8 

2Z 

22 

.3667 

Z040.J 

1077^8 

3676.2 

IX  16.5 

3747.2 

ZZ56.0 

38x9.0 

22 

23 

^833 

X04X.0 

3607.2 

Z078.S 

36783 

ZIX7.2 

3748.4 
3749.6 

1156.7 

3820.2 

23 

24 

«4000 

Z04Z.6 

3608.4 

Z079.1 

IXI7.8 

11574 

382Z.4 

24 

11 

w|x67 

Z042.2 

3609.5 

Z079.8 

3679.7 
3680.9 

ZZZ8.5 

3750.7 

I158.1 

3833.6 

25 

•4333 

Z042.8 

36x0.7 

X080.4 

IXI9.I 

3751.9 

1158.7 

3823.8 

26 

'2 

.4S0O 

1043.S 

36XZ.9 

Z08Z.Z 

3682.X 

IXX9.8 

3753.x 

1159.4 

3825.0 

27 

38 

-♦667 

X044.1 

36x3.0 

X08I.7 

3683.3 

XX20.4 

3754.3 

zz6o.z 

3826.2 

28 

2Q 

.4833 

Z044.7 

3614.1 

zo82^ 

3684.5 

ZZ2Z.Z 

3755.5 

ZZ60.8 

38274 

29 

30 

.5000 

ia»s.3 

3615.3 

Z083.0 

3685.6 

XX3X.7 

3756.7 

zz6z.4 

3828.6 

30 

3X 

.5x67 

X04S.9 

3616.5 

Z083.6 

3686.8 

XX  33.3 

3757.9 

ZZ62.1 

3829.8 

31 

32 

.5333 

X046.S 

3617.7 

X084.2 

3688.0 

1 1 33.0 

3759.1 

ZX62.8 

383Z.O 

32 

33 

•SSOO 

Z047.2 

36x8.9 

X084.9 

3689.2 

1123.7 

376a3 

ZZ63.S 

3832.2 

33 

34 

.5667 

Z047.8 

3620.0 

1085.5 

3690.4 

1124.3 

3761.5 

ZZ64.1 

3833.4 

34 

*l 

•OOOO 

Z048.4 

362Z.Z 

Z086.2 

3691.6 

I  z  25.0 

3762.7 

z  164.8 

3834.6 

35 

36 

Z049.0 

3622.3 

Z086.8 

3692.7 

ZZ35.6 

3763.9 

1165.5 

3835.9 

36 

H 

.6x67 

1049.7 

3623.5 

1087.S 

3693.9 

ZX26.3 

3765.1 

1x66.2 

3837.Z 

37 

38 

.6333 

Z050.3 

3624.7 

I088.X 

3695.1 

ZZ26.9. 

3766.3 

XX66.8 

3838.3 

38 

39 

^500 

zosag 

3635.8 

IQ88.8 

3696.2 

ZZ27.6 

3767.5 

1167.5 

3839.5 

39 

40 

.6667 

Z0SZ.S 

3637.0 

X089.4 

309b3 

ZZ28.3 

3768.7 

zz68.a 

3840.7 

40 

41 

.6833 

Z053.Z 

3638.2 

1090.0 

z  1 39.0 

3769.9 

ZZ68.9 

3841.9 

41 

4a 

.7000 

ZOS2.7 

3629.4 

X090.6 

3699.8 

ZX39.6 

3771.0 

ZZ69.5 

3843.1 

42 

43 

.7x67 

1053.4 

3630.5 

1091.3 

370X.0 

1 130.3 

3772.2 

ZZ70.2 

3844.3 

43 

44 

•7333 

1054.0 

3631.7 

1091^ 

3702.2 

XZ30.9 

3773.4 

ZZ70.9 

38455 

44 

ji 

.7500 

ZOS4-6 

3632.8 

Z092.6 

37034 

XX3I.6 

3774.6 

ZZ7X.6 

3846.7 

ti 

.7667 

1055.2 

3634.0 

1093.2 

3704.5 

ZI33.3 

3775.8 

ZZ72.2 

3847.9 

*^ 

.7833 

1055.9 

3635.2 

1093.9 

3705.7 

1132.9 

3777.0 

ZZ72.9 

3849-1 

47 

.8000 

Z056.5 

3636.4 

1094.5 

3706.9 

1133.5 

3778.2 

1x73.6 

38504 

48 

49 

.8Z67 

1057.x 

3637.5 

1095.2 

3708.Z 

1x34.2 

3779.4 

X174.3 

3851.6 

49 

50 

3S33 

1057.7 
I058w|. 

3638.7 

Z095.8 

37094 

X134.9 

3780.6 

1174.9 

3852.8 

50 

SI 

.8300 
i667 

3639.9 

Z096.4 

37io.| 
3711.6 

ZZ35.6 

378X.8 

1175.6 

3854.0 

51 

52 

to59.o 

3641.Z 

Z097.0 

ZZ36.2 

3783.0 

ZZ76.3 

3855.2 

52 

S3 

.8833 

Z059.6 
ZOO0.9 

3642.3 

1097.7 

3712.8 

ZX36.9 

3784.2 

ZZ77.0 

3856.4 
3857.6 

53 

S4 

.9000 

3643.4 

X098.3 

37x4.0 

1137.5 

3785.4 

ZZ77.6 

54 

*l 

.9x67 

Z060.9 

3644.6 

Z099.0 

371S.X 

ZZ38.9 

3786:6 

X178.3 

3858.8 

55 

S6 

.9333 

Z06Z.5 

3645.7 

Z099.6 

3716.3 

ZZ38.8 

3787-8 

Z]k79.o 

3860.0 

56 

U 

X 

Z069.Z 

3646.9 

ZZ00.3 

3717.5 

1x39.5 

3789.0 

1179.7 

386X.2 

52 

Z063.7 

3648.x 

ZZ00.9 

3718.7 

ZZ40.Z 

3790.2 

ZZ80.3 

3862.S 

S8 

59 

•9833 

1063^ 

9649-9 

ZZOZ.6 

3719.9 

zz4a8 

379Xw| 

zz8z.o 

3863.7 

39 

300 


THK  bUKVEY 


Use  xoo'  Chords  up  to  8**  Curves       Use  25'  Chords  up  to  33*  Curves 
Use  so'  Chords  i^)  to  z6**  Curves       Use  zo'  Chords  above  3a*  Curves 


1 

^g 

68* 

69* 

70« 

71' 

1 

0 

^1 

Ext. 

Tan. 

Ext. 

Tan. 

Ext 

Tan. 

Ext. 

Tan. 

r 

0 

.0000 

Z18Z.6 

3864.9 

z  2  23.9 

3938.Z 

z  365.0 

40Z3.I 

1308.4 

4087.1 

I 

^167 

1183.3 

3866.Z 

1333.6 

3939.4 

z  365.7 

40Z3.4 

Z309.2 

4088.4 

1 

2 

.0333 

X183.0 

^l^ 

z  2  24.3 

3940.6 

z  366.4 

40Z4.6 

1309.9 

4089.7. 

3 

3 

.0500 

X  183.7 

3868.5 

X225.0 

3941.8 

Z367.3 

40ZS.9 

Z3Z0.6 

4091.0 

3 

4 

.0667 

ZZ84.4 

3869.7 

z  335.7 

3943.0 

Z367.9 

4017.1 

X31X.3 

4093.3 

4 

5 

.0833 

ZZ85.X 

3870.9 

z  336.4 

3944.2 

Z368.6 

40Z8.4 

1312.1 

4093.5 

5 

6 

.xooo 

1x85.7 

3872.2 

Z337.X 

39455 

z  269.3 

40x9.6 

Z312.8 

4094.7 

6 

7 

.XI67 

X  186.4 

3873.4 

Z227.8 

3946.7 

Z270.X 

4020.8 

1313.S 

4096.0 

7 

8 

.1333 

XI87.X 

3874.6 

Z228.5 

3947.9 

z  270.8 

4022.Z 

1314-2 

4097.2 

8 

9 

.Z500 

XZ87.8 

3875.8 

X  339.3 

3949-2 

127I.S 

4023.4 

Z3i5*o 

4098.5 

9 

10 

.Z667 

ZX88.5 

3877.0 

z  339.9 

3950.4 

Z373.3 

4024.6 

131S.7 

4099.8 

xo 

IZ 

.1833 

X189.3 

3878.2 

1230.6 

3951.6 

z  373.9 

4025.8 

X3X6.S 

4101.1 

XI 

Z3 

.3000 

XX89.8 

3879.S 

1231.3 

3952.9 

z 273.6 

4027.Z 

X3X7.2 

4103.3 

13 

13 

.2x67 

"90s 

3880.7 

z  232.0 

3954.1 

1274.4 

4028.4 

X317.9 

4103.6 

13 

14 

.2333 

XZ91.3 

388Z.9 

z  232.7 

3955.3 

1275.1 

4039.6 

13x8.6 

4104.8 

14 

\i 

.3500 

ZZ9X.9 

3883.Z 

1233.4 

3956.6 

1275.8 

4030.8 

1319.4 

4106.1 

IS 

.3667 

XX92.6 

3884.3 

1234.1 

3957.8 

z  276.5 

4033.Z 

X320.Z 

4107.3 

z6 

17 

.2833 

X  193.3 

3885.6 

z  234.8 

39S9»o 

1277.3 

4033.4 

Z320.S 

4108.6 

17 

z8 

.3000 

I 193-9 

3886.8 

1235.5 

3960.2 

Z 2 78.0 

4034.6 

X32X.5 

4Z09.8 

z8 

19 

.3167 

1 194.6 

3888.0 

z  236.3 

3961.5 

Z278.7- 

4035.9 

Z333.3 

4111.X 

X9 

20 

•3333 

"95-3 

3889.3 

z 336.9 

3962.7 

1279-4 

4037.1 

Z333.0 

4118.4 

30 

3Z 

•3500 

X  196.0 

3890.4 

z  33  7.6 

3964.0 

Z280.Z 

4038.4 
4039.6 

X323.7 

4113.7 

3t 

32 

.3667 

X  196.7 

3891.6 

z  338.3 

3965.2 

z  280.8 

X324.4 

4114.9 
4xx6.a 

39 

S3 

.3833 

1x97.4 

3892.9 

z  339.0 

3966.4 

Z281.6 

4040.9 

Z325.2 

23 

24 

.4000 

1x98.0 

3894.1 

1239.7 

39676 

z  382.3 

4043.Z 

1325.9 

4117^1 

S4 

*l 

.4167 

1 198.7 

3895.3 

z  340.4 

3968.9 

z  383.0 

4043.4 
4044.6 

1326.7 

4118.7 

'd 

36 

•4333 

X  199.4 

3896.5 

Z34Z.Z 

3970.X 

z 383.7 

1327.4 

4119.9 

*Z 

•4SOO 

X300.Z 

^M'"^ 

Z34Z.8 

3971.3 

Z384.5 

4045.9 

Z338.2 

4131.3 

% 

38 

.4667 

X300.8 

3898.9 

1242.5 

3972.5 

Z285.2 

4047.1 

z 338.9 

4122.4 

ag 

.4833 

Z30I.5 

3900.2 

1243.2 

3973.8 

z  385.9 

4048.4 

1329.7 

4X23.7 

29 

30 

.5000 

Z303.Z 

3901.4 

1243.9 

397S.O 

Z386.6 

4049.6 

1330.4 

4X25.0 

30 

31 

•S167 

ZS03.8 

3902.6 

z  244.6 

3976.3 

Z287.3 

4050.9 

Z33Z.Z 

4X26.3 

3X 

32 

.5333 

X303.S 

3903.8 

1245.3 

3977.S 

z 288.0 

4052.1 

Z33X.8 

4I27.S 

32 

33 

•S500 

z  304.3 

3905.0 

z  246.0 

3978.8 

z  388.8 

4053*4 

Z332.6 

4X38.7 

33 

34 

.5667 

X304.9 

3906.3 

z  246.7 

3980.0 

1289.S 

4054.6 

X333-3 

4130X> 

34 

3S 

.5833 

z  305.6 

3907.5 

z  347.4 

3981.2 

z  390.3 

4055.9 

X334-I 

413X.S 

35 

36 

.6000 

z  306.3 

3908.7 

Z348.Z 

3982.4 

z  290.9 

4057.1 

X334.8 

4x32.6 

36 

37 

.6167 

z  206.9 

3909.9 

z  248.8 

3983.7 

Z29Z.7 

4058.4 

1335.6 

4x33.9 

37 

38 

.6333 

1207.6 

39ZZ.3 

1249.5 

3984.9 

1292.4 

4059.6 

Z336.3 

4x35.1 

38 

39 

.6500 

z  308.3 

3912.4 

z  250.3 

3986.Z 

z 293.1 

4o6a9 

X337.I 

4x36.4 

39 

40 

.6667 

X  309.0 

3913.6 

z  350.9 

3987.4 

z  293.8 

4063.x 

i337Ji 

4137.7 

40 

41 

.6833 

z  209.7 

3914.9 

X35Z.6 

3988.7 

z  294.6 

4064.0 

Z338.5 

4x39.0 

4X 

42 

.7000 

Z2Z0.3 

391 6.  z 

1252.3 

3989.9 

1295.3 

Z339.2 

4i40.a 

42 

43 

.7167 

Z2ZZ.O 

3917.3 

1253.0 

3991.1 

z  296.0 

4065.9 

Z340.0 

414X.5 

43 

44 

.7333 

Z2ZZ.7 

3918.5 

1253.7 

3992.3 

z  296.7 

4067.1 

1340.7 

4x42.7 

44 

45 

•7SOO 

Z2Z2.4 

3919.8 

1254.4 

3993.6 

1297.S 

4068.4 

1341.S 

4«44^ 

^ 

46 

.7667 

Z2I3.Z 

392  z.o 

12551 

3994.8 

X 298.3 

4069.6 

1342.3 

4146.6 

47 

•7833 

Z2X3.8 

3922.2 

1255.8 

3996.0 

1 398.9 

4076.9 

1343.0 

47 

48 

.8000 

1 214.5 

3923.4 

z  256.5 

3997.3 

X  299.6 

4073.Z 

1343.7 

4147.8 

4S 

49 

.8x67 

Z3Z5.3 

3924.7 

Z2S7.2 

3998.6 

X300.4 

4073^ 

1344.S 

4x49.x 

49 

SO 

^333 

I2Z5.9 

3925.9 

1257.9 

3999-8 

Z30Z.Z 

4074.6 

1345.2 

4x50.4 

SO 

SI 

.8500 

z  3x6.6 

2927. z 

z 258.6 

400Z.0 

Z30X.9 

4075.9 

Z346.0 

4XSX.7 

51 

52 

.8667 

12x7.3 

3928.3 

Z259.3 

4002.2 

Z303.6 

4077.1 

1346.7 

4152.9 

52 

S3 

.8833 

Z3X8.0 

3929.6 

z  360.0 

4003.4 

1303.3 

4078.4 
4079.6 

1347.5 

4x54.2 

53 

54 

.9000 

Z3I8.7 

3930.8 

z  260.7 

4004.7 

1304.0 

X348.a 

4x55.4 

54 

II 

.9167 

Z3Z9.4 

3932.0 

Z26Z.4 

4006.0 

Z304.8 

40S0.9 

1349.0 

4x56.7 

U 

•9333 

Z320.Z 

3933.2 

Z363.Z 

4007.3 

1305.S 

4083.Z 

1349.7 

4x58.0 

52 

9SOO 

X330.8 

3934.4 

z  363.8 

4008.5 

Z306.3 

&t 

1350.5 

4X59^ 
4x6ij 

a 

58 

.9667 

Z32Z.5 

39357 

z  363.5 

4009.7 

Z306.9 

1351.2 

80  .9833 1 

Z333.3 

3936.9 

1364.3 

40x0.9 

X307.7 

4085.9 

Z352.0 

so 

FUNCTIONS  OF  ONE-DEGREE  CURVE 
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\ 


Use  100'  Chords  up  to  S 

•'Curves 

1   Use 

2s'  Chords  up  to  32*  Curves 

Use  so'  Chords  up  to  16"  Curves   Use  10'  Chords  above  3a*  Curves 

1 

72'' 

73- 

74* 

75' 

1 

d 

c  ^ 

■ 

g 

0 

pa 

ExL 

Tan. 

Ext. 

Tan. 

Ext. 

Tan^ 

Ext 

Tan. 

i 

•OOOO 

1352.7 

4163.1 

X398.1 

4240.0 

1444.7 

43x7.8 

1492.5 

4396.7 

0 

I 

.0167 

1353.5 

4164.4 

X398.9 

4241.3 

1445-5 

43x9.2 

1493.3 

4398.1 

I 

2 

•0333 

1354.2 

4x65.6 

1399.6 

4242.6 

1446.2 

4320.S 

1494-1 

4399.4 

2 

3 

.0500 

1355.0 

4x66.9 

1400.4 

4243-9 

1447.0 

4321.8 

1494.9 

4400.8 

3 

4 

.0667 

1355.7 

4168.2 

X401.2 

4245.1 

1447.8 

4323.1 

1495-7 

4402.1 

4 

s 

.0833 

1356.5 

4169.S 

X402.0 

4246.4 

1448.6 

4324.4 

1496.S 

4403-4 

5 

6 

.1000 

1357.2 

4170.7 

X402.7 

4247.7 

1449.4 

4325.7 

1497.3 

4404-7 

6 

7 

.ZI67 

1358.0 

4172.0 

1403.S 

4249.0 

1450.2 

4327.0 

1498.2 

4406.1 

7 

8 

.1333 

1358.7 

41^3.3 

X404.2 

4250.3 

1451.0 

4328.3 

1499.0 

4407.4 

8 

9 

.1500 

1359.S 

4174.5 

X405.0 

4251.6 

1451.8 

4329.6 

1499.8 

4408.7 

9 

xo 

.1667 

X360.2 

4175.8 

1405.8 

4252.9 

1452.6 

4330.9 

1500.6 

4410.0 

xo 

IZ 

.1833 

1361.0 

4177.1 

1406.6 

4254.2 

1453.4 

4332.3 

1501.4 

4411.4 

11 

12 

.2000 

1361.7 

4178.4 

1407.3 

4255.5 

1454.1 

4333.6 

1502.2 

4412.7 

12 

13 

.2167 

1362.S 

4179.7 

1408.1 

4256.8 

1454.9 

4334.9 

1503.0 

4414.0 

13 

X4 

•2333 

1363.2 

4x8x.o 

1408.8 

4258.Z 

1455.7 

4336.2 

1503.8 

4415-3 

14 

IS 

.2500 

1364.0 

4182.3 

X409.6 

4259.4 

1456.5 

4337.S 

1504.6 

4416.6 

IS 

16 

.2667 

1364.7 

4183.S 

X410.4 

4260.7 

1457.3 

4338.8 

1505.4 

4418.0 

16 

'2 

.2833 

1365.5 

4184.8 

X41X.2 

4262.0 

1458.1 

4340.1 

1506.2 

4419.4 

17 

18 

.3000 

1366.2 

4186.1 

X4XX.9 

4263.2 

1458.9 

4341.4 

1507.0 

4420.7 

18 

19 

.3167 

1367.0 

4187.4 

14x2.7 

4464.5 

1459.7 

4342.7 

1507.9 

4422.0 

Id 

SO 

•3333 

1367.7 

4188.6 

1413.S 

4265.8 

1460.5 

4344-0 

1508.7 

4423-3 

20 

21 

.3500 

X368.5 

4189.9 

1414-3 

4267.x 

1461.3 

4345-4 

1509.5 

4424.6 

21 

32 

.3667 

X369.2 

4191.2 

1415.1 

4268.4 

1462.0 

4346.7 

1510.3 

4426.0 

22 

23 

.3833 

X370.0 

4192.S 

141S-9 

4269.7 

1462.8 

4348.0 

1511.2 

4427.3 

23 

34 

wtooo 

1370.7 

4193.7 

14x6.6 

4271.0 

1463.6 

4349.3 

1512.0 

4428.6 

24 

H 

^167 

1371.5 

4195.0 

14174 

4272.3 
4273.6 

I464.4 

43S0.6 

1512.8 

4430.0 

25 

26 

.4333 

1372.2 

4196.3 

1418.2 

X465-2 

4351.9 

1513.6 

4431.3 

26 

*2 

.4500 

1373.0 

4197.6 

1419.0 

4274.9 

X466.0 

4353.2 

1514.5 

4432.7 

27 

28 

.4667 

1373-7 

4198.8 

1419-7 

4276.2 

X466.8 

4354-5 

1515.3 

4434-0 

28 

39 

.4833 

1374.5 

4200.1 

1420.S 

4277.5 

X467.6 

4355.8 

X516.Z 

4435.3 

29 

30 

.5000 

1375.2 

4201.4 

1421.3 

4278.8 

1468.4 

43S7.I 

1516.9 

4436.6 

30 

31 

.5167 

1376.0 

4202.7 

1422.1 

4280.x 

1469.2 

4458.5 

1517.7 

4438.0 

31 

32 

•5333 

1376.7 

4204.0 

1422.9 

'428X.4 

X469.9 

4359-8 

1518.S 

4439-3 

32 

33 

•SSOO 

1377.5 

4205.3 

1423.7 

4282.7 

1470.7 

4361. X 

1519-4 

4440-7 

33 

34 

.5667 

1378.2 

4206.5 

1424.4 

4284.0 

1471-S 

4362.4 

1520.2 

4442.0 

34 

35 

•5833 

1379.0 

4207.8 

1425.2 

4285.3 

1472.3 

4363-8 

1521.0 

4443-3 

11 

36 

.6000 

1379.7 

4209.x 

1426.0 

4286.6 

I473-I 

.  4365.x 

1521.8 

4444-6 

^l 

.6167 

1380,5 

42x0.4 

1426.8 

4287.9 

1473-9 

4366.4 

1522.7 

4446.0 

37 

38 

.6333 

138X.2 

4211.7 

1427.5 

4289.2 

1474-7 

4367-7 

1523.S 

4447-3 

38 

39 

.6500 

1382^ 

4213.0 

1428.3 

4290.5 

1475.6 

4369.0 

1524-3 

4448.7 

39 

40 

.6667 

Z382.8 

42x4.3 

1429.1 

429X.8 

1476.4 

4370.3 

1525.1 

4450.0 

40 

41 

.6833 

1383.6 

42x5.6 

1429.9 

4293.1 

1477.2 

437X-7 

1525.9 

4451-4 

41 

42 

.7000 

1384.3 

42x6.8 

1430.7 

4294.4 

1478.0 

4373-0 

1526.7 

4452.7 

42 

43 

.7167 

^3?5.l 

42x8.x 

1431.S 

4295.7 

1478.8 

4374-3 

1527.6 

44S4.0 

43 

44 

.7333 

Z385.8 

42x9.4 

1432.2 

4297.0 

1479.6 

4375.6 

1528.4 

4455-3 

44 

*l 

.7500 

1386.6 

4220.7 

1433.0 

4298.3 

1480.4 

4377.0 

1529.2 

4456.7 

45 

46 

.7667 

1387.4 

4222.0 

1433.8 

4299.6 

Z481.2 

4378.3 

1530.0 

4458.0 

46 

H 

.7833 

X388.2 

4223.3 

1434.6 

4300.9 

1482.0 

4379.6 

1530.9 

4459-4 

47 

48 

.8000 

1388.9 

4224.S 

1435-3 

4302.2 

1482.8 

4380.9 

1531.7 

4460.7 

48 

49 

.8x67 

1389.7 

4225.8 

1436.1 

4303.5 

1483.6 

4382.2 

1532.5 

4462.1 

49 

so 

.8333 

1390.4 

4227.1 

1436.9 

4304-8 

1484.4 

4383.5 

1533.3 

4463-4 

50 

SI 

.8500 

1391.2 

4228.4 

1437.7 

4306.1 

1485.2 

4384.9 

1534-1 

4464-7 

51 

S2 

.8667 

1392.0 

4229.7 

1438-5 

4307.4 

1486.0 

4386.2 

1534.9 
1535.8 

4466.0 

52 

53 

.8833 

1392.8 

4231.0 

1439-3 

4308.7 

1486.9 

4387.5 

4467-4 

53 

54 

.9000 

1393-5 

4232.3 

X44O.O 

43x0.0 

1487.7 

4388.8 

1536.6 

4468.7 

54 

S5 

.9167 

1394.3 

4233.6 

1440.8 

4311.3 

1488.S 

4390.2 

1537-4 

4470.1 

55 

S6 

.9333 

1395.0 

4234.8 

144X.6 

43x2.6 

1489.3 

4391.5 

1538.2 

4471-4 

56 

57 

.9500 

1395.8 

4236.x 

1442.4 

4313.9 

1490.1 

4392.8 

1539.1 

4472.7 

SZ 

.9667 

1396.6 

4237.4 

1443.1 

4315.2 

1490.9 

4394.x 

1539-9 

4474.1 

5? 

S9 

.9833 

I397»4 

4238.7 

1443.9 

4316.5 

1491.7 

4395«» 

1540.7 

4475.4 

5< 
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THE  SURVEY 


Use  zoo'  Chords  up  to  8**  Curves 
Use  50'  Chords  up  to  16"  Curves 


Use  25'  Chords  up  to  32^  Curves 
Use  IV  Chords  above  32**  Curves 


1 

0 

Dec.  of 
Degree 

76* 

77' 

78' 

79' 

1 

0 

Ext 

TaiL 

Ext 

Tan. 

ExL 

TaxL 

Ext. 

Tan. 

•OOOO 

IS4X.S 

4476.7 

1591.7 

4557-8 

1643.1 

4640JO 

Z696.0 

4733.4 

z 

.0167 

XS42.4 

4478.Z 

Z592.6 

4559.2 

1644.0 

4641.4 

1696.9 

4724.8 

I 

2 

.0333 

1543-2 

44794 
4480.8 

1593.4 

4560.5 

1644.8 

4642.8 

JiS:l 

4726.2 

2 

3 

.0500 

1544.1 

1594-3 

4561.9 

1645.7 

4644.2 

4727.6 

3 

4 

.0667 

1544.9 

4482.Z 

IZ595.Z 

4563.3 

Z646.6 

4645.6 

1699-5 

4729.0 

4 

5 

.0833 

XS4S.7 

4480.2 

Z596.0 

4564.7 

Z647-S 

4647.0 

Z700.4 

4730.4 

S 

6 

.zooo 

X546.S 

X596.8 

4566.0 

Z648.3 

4648.3 

170Z.3 

473X.8 

6 

7 

.ZI67 

1547-4 

X  597.7 

4567.4 

X649.2 

46497 

Z702.2 

4733.3 

7 

8 

.1333 

ZS48.2 

4487.S 

X598.S 

4568.7 

1650.X 

465^.1 

X703.1 

4734.7 

8 

9 

.1500 

X549.X 

4488.9 

X599-4 

4570.Z 

X65X.0 

4652.5 

1704.0 

4736.1 

9 

zo 

.1667 

X  549-9 

4490-2 

1600.2 

4571.S 

Z65X.8 

4653.9 

1704.9 

4737.S 

10 

zz 

.1833 

XSS0.7 

449Z.6 

z6oi.z 

4572.9 

z6s2.7 

4655.3 

170S.8 

■4738.9 

11 

Z2 

.2000 

ZS5X.S 

4492.9 

Z601.9 

4574.2 

x6s3.6 

4656.7 

X706.6 

4740.3 

12 

13 

.2167 

X552.4 

4494-3 

1602.8 

4575-6 

1654.5 

4658.1 

1707-S 

4741.7 

X3 

u 

.2333 

XS53.2 

4495-6 

Z603.6 

4576.9 

1655.3 

4659.4 

Z7084 

4743.1 

X4 

\i 

.2500 

XS54.X 

4497.0 

X604.5 

4578.3 

Z656.2 

4660.8 

1709-3 

4744.S 

15 

.2667 

1554-9 

4498.3 

Z605.3 

4579.7 

1657.1 

4662.2 

Z7X0.2 

4745.9 

16 

]k 

.2833 

X5S5-7 

4499.7 

Z606.2 

4581.1 

Z658.0 

4663.6 

I7IX.I 

4747.3 

% 

.3000 

1556.5 

450X.0 

X607.0 

4583.4 

X658.8 

4665.0 

I7I2.0 

4748.7 

X9 

.3x67 

XS57.4 

4502.4 

Z607.9 

4583.8 

1659-7 

4666.4 

Z712.9 

4750-1 

19 

20 

•3333 

Z558.2 

4503.7 

Z608.7 

4585.1 

1660.6 

4667.7 

1713.8 

4751.5 

30 

2Z 

.3SOO 

IS59-I 

4505.0 

X609.6 

4586.5 

166X.5 

4669.1 

17x4-7 

4752.9 

31 

22 

.3667 

1539-9 

4506.3 

X6X0.4 

4587.9 

1662.3 

4670.5 

17x5-6 

4754-3 

32 

23 

.3833 

1560.7 

4507-7 

Z61Z.3 

4589.3 

1663.2 

4671.9 

17x6.5 

4755-7 

23 

24 

w|000 

ZS61.S 

4509.0 

Z6X2.Z 

4590.6 

1664.Z 

4673.3 

I7I7.4 

4757-1 

34 

H 

.4167 

1562.4 

45x0.4 

I6Z3.0 

4S92.0 

1665.0 

4674.7 
4676.0 

1718.3 

4758.6 

*l 

26 

.4333 

Z563.2 

45XX.7 

I6I3.8 

4593-3 

1665.8 

X719.2 

476ox> 

36 

% 

^Soo 

1564.Z 

•45x3.1 

I6I4.7 

4594.7 

X666.7 

4577-4 

I720.X 

4761.4 

;i 

^667 

1564.9 

4514.4 

X6I5-S 

4596.0 

1667.6 

4678.8 

X72X.O 

4762.8 

29 

-*833 

XS65.7 

45x5.8 

I6Z6.4 

4597.4 

Z668.5 

4680.2 

I72I.9 

4764.3 

39 

30 

.5000 

1566.5 

45x7.1 

1617.3 

4598.8 

Z669.3 

468Z.6 

X722.8 

4765.6 

30 

31 

.5x67 

z 567.4 

45x8.5 
45x9.8 

X6I8.2 

4600.2 

Z670.2 

4683.0 

1723-7 

4767.0 

31 

32 

•5333 

Z568.2 

X6I9.0 

460X.5 

X67X.X 

4684.4 

1724-6 

4768.4 

32 

33 

.5500 

1569.Z 

452Z.Z 

16x9.9 

4602.9 

1672.0 

4685.8 

X725.S 

•4769-8 

33 

34 

•5667 

Z569.9 

4522.5 

i62a7 

4604.3 

Z672.8 

4687.2 

1726.4 

4771.3 

34 

35 

.5833 

X570.7 

4523.9 

Z62Z.6 

4605.7 

1673-7 

4688.6 

X727.3 

4778.7 

35 

36 

.6000 

XS7I.S 

4525.3 

Z622.4 

46o7x> 

i674?6 

4689.9 

1728.2 

4774.1 

36 

37 

.6167 

1572.4 

4526.7 

1623.3 

460918 

1675-5 

4691.3 

1729.1 

4775-5 

H 

38 

.6333 

XS73-2 

4528.0 

1624.  z 

1676.3 

4692.7 

1730.0 

4776.9 

38 

39 

.6500 

1574.0 

4529.4 

Z625.0 

46ZX.2 

1677.3 

4694.1 

1731.0 

4778.3 

39 

40 

^7 

X574.8 

4530.7 

1625.0 
Z626.8 

46x2.5 

1678.2 

4695-5 

I73I.9 
1732.8 

4779.7 

40 

4X 

.6833 

X57S.6 

4532.x 

46x3.9 

X679.Z 

4696.9 

478Z.1 

41 

4a 

.7000 

X576.4 

4533.4 

X627.6 

4615.3 

1679.9 

4698-3 

1733-7 

4782.6 

43 

43 

.7x67 

1577.3 
X578.X 

4534.8 

X628.5 

46x6.7 

X680.8 

4699.7 

1734-6 

4784.0 

43 

44 

.7333. 

4536.1 

X629.3 

46x8^0 

Z681.7 

4701.  X 

1735.5 

478S«» 

44 

^ 

:?F 

XS79'0 

-♦537.5 
4538.8 

X630.2 

4619.4 

1682.6 

4702.5 

1736.4 

4786.8 

♦1 

46 

X579.8 

Z63X.0 

4630.8 

X683.S 

4703.9 

1737.3 

*7!*-2 

46 

*2 

.7833 
i(ooo 

X580.7 

4S40.2 

X631.9 

4622.2 

1684.4 

4705.3 
4706.7 

1738.2 

4789.6 

*2 

48 

Z58Z.5 

454X.5 

X632.7 

4623.S 

X68S.3 

X  739.1 

4791.0 

48 

49 

.8x67 

1582^ 

4542.9 

Z633.6 

4624.9 

X686.2 

4708.1 

1740.0 

4793.5 

49 

SO 

.8333 

z 583.2 

4544-2 

X634-S 

4626.3 

X687.1 

4709.5 

1740.9 

X74X.8 

4793.9 

50 

SX 

^<oo 

XS84.X 

4545-6 

X63S-4 

4627.7 

X688.0 

47x0.9 

4795.3 

SI 

S3 

.8667 

1584.9 

4S47-0 

Z636.2 

4629.0 

X688.8 

47x2.2 

1742-7 

4796.7 

S3 

S3 

.8833 

Z585.8 

4548.4 

X637.1 

4630.4 
4631.8 

X689.7 

47x3.6 

1743.6 

4798.1 

53 

S4 

.9000 

Z586.6 

4549-7 

X637.9 

X690.0 

4715.0 

X744.S 

4799.S 

S4 

5| 

•9167 

J!S1 

4SS1.I 

Z638.8 

4633.2 

1691.5 

47x6.4 

X74S.4 

480Z.O 

12 

S6 

.9333 

4552.4 

Z639.6 

4634.5 

X692.4 

47x7-8 

X746.3 

4802.4 

S 

.9500 

Z589.2 

4553-8 

Z640.S 

4635-9 

X693.3 

47x9-2 

X 747.2 
Z748.Z 

4803.8 

52 

^7 

Z590.0 

455S.X 

164X-3 

4637.3 
4638.7 

Z694.2 

4720.6 

4805.3 

58 

0 

•9833 

Z590.9 

4556.5 

1642.3 

1695.1 

4733.0 

1749.x 

4806.6 

50 

w 

^^^^^^^•^F 
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Use  100'  Chords 

lUDtoS 

"Curves 

Use 

2s'  Chords  up  to 

32*  Curves 

Use  5c/  Chords  up' to  16*  Curves   Use  lo'  Chords  above  3a'  Curves 

1 

0 

^1 

So-^ 

81" 

82- 

83' 

Ext. 

Tan. 

Ext 

Tan. 

Ext. 

Tan. 

Ext 

Tan. 

.0000 

1750.0 

4808.0 

1805.5 

4893.9 

1862.3 

4981.0 

1920.6 

50694 

I 

.0167 

1750.9 

4809.5 

1806.4 

4895.4 

1863.3 

4982.5 

1921.6 

5070.9 

2 

.0333 

1751-8 

4810.9 

1807.3 

4896.8 

1864.2 

4983.9 

1922.6 

50734 

3 

.0500 

1752-8 

4812.3 

1808.3 

4898.3 

1865.2 

4985.4 

1923.6 

5073.9 

4 

x>667 

1753-7 

4813.7 

1809.2. 

4899.7 

1866.1 

4986.8 

1924.6 

50754 

5 

.0833 

1754.6 

4815.3 
4816.6 

1810.2 

4901.3 

^§!2-' 

4989i 

1925.6 

5076.9 

6 

.zooo 

1755.5 

1811.1 

4902.6 

1868.1 

1926.5 

50784 

7 

.ZI67 

1756.5 

4818.0 

l8Z2.I 

4904.0 

1869.1. 

4991.3 

1927.S 

5079.9 

8 

•1333 

1757-4 

4819.4 

18 13.0 

4905.4 

i87ao 

4993.7 

1928.5 

5081.4 

9 

.1500 

1758.3 

4820.9 

1814.0 

4906.9 

1871.0 

4994.3 

1929.S 

5082.9 

10 

.1667 

1759.3 

4832.3 

1814.9 

4908.3 

1871.9 

4995.7 

1930.5 

50844 

II 

.1833 

1760.1 

4823.7 

1815.9 

4909.8 

1872.9 

4997.8 

1931.S 

S085.9 

12 

.2000 

1761.0 

4825.1 

I8I6.8 

4911.2 

1873.9 

4998.6 

1933.4 

'^i 

13 

.2167 

1762.0 

4826.6 

1817.7 

4913.7 

1874-9 

5000.1 

19334 

14 

^333 

1762.9 

4828.0 

1818.6 

4914.1 

1875.8 

5001.5 

1934.4 

S090.3 

IS 

.2500 

1763.8 

4829.4 
4830.8 

I8I9.6 

4915.5 

1876.8 

5003.0 

1935.4 

5091.8 

16 

.2667 

1764.7 

1820.5 

4917-0 

1877.7 
1878.7 

S004.5 

1936.4 

5093.3 

17 

.2833 

1765-7 

4833.3 

I82I.5 

4918.5 

5006.0 

1937.4 

5094.8 

18 

.3000 

1766.6 

4833-7 

1822.4 

4919.9 

1879-7 

5007.4 

1938.4 

5096.3 

19 

^167 

1767.S 

4835.1 

1823.3 

4931.4 

1880.7 

5008.9 

1939.4 

5097.8 

30 

•3333 

1768.4 

4836.5 

I82/1.2 

4922.8 

1881.6 

5010.3 
5011.8 

1940.4 

S099.3 

21 

^Soo 

1769-3 

4838.0 

1825.2 

4934.3 

1882.6 

1941.4 

5100.8 

22 

,3667 

I77a2 

4839.4 

I826.I 

4925.7 

1883.5 

S013.3 

1942.4 

5102.3 

23 

•3833 

1771.3 

4840.8 

1827.1 

4927.2 

1884.5 

501A.8 
5016.2 

1943.4 

5103.8 

34 

.4000 

1773.1 

4842.2 

1828.0 

4928.6 

1885.5 

1944^ 

5105.2 

35 

•4x67 

1773.0 

4843.7 

1829.0 

4930.1 

1886.5 

5017.7 

I94si 

5106.7 

26 

.4333 

1773.9 

4845.1 

1829.9 

4931.5 

1887-+ 

5019.2 

1946.4 

5108.2 

37' 

^500 

1774-9 

4846.5 

1830.9 

4933.0 

1888.4 

5020.7 

1947.4 

5109.7 

28 

.4667 

1775.8 

48479 

1831.8 

4934.4 

1889.3 

5022.1 

19484 

5111.2 

29 

.4833 

1776.7 

4849^4 

1832.8 

4935.8 

1890.3 

5023.6 

1949.4 

5113.7 

30 

.5000 

1777.6 

4850.8 

1833.7 

4937.3 

1891.3 

5025.0 

1950.4 

5114.3 

31 

.5167 

1778.5 

4852.3 

1834.7 

4938.7 

1892.3 

5026.5 

1951-1 

5115.7 

33 

•5333 

I779~* 

4853.7 

1835.6 

4940.3 

1893.2 

5028.0 

1953.4 

5117.3 
5118.7 

33 

.5500 

1780.4 

4855.1 

1836.6 

4941-7 

1894.2 

5029.5 

1953.4 

34 

.5667 

1781.3 

4856.5 

1837.5 

4943.1 

1895.1 

5031.6 

1954.4 

5i2a2 

35 

.5833 

1782.2 

4858x> 

1838.5 

4944.6 

1896.1 

5033.5 

1955.4 

5121.7 

36 

.6000 

1783.1 

4859-4 

1839.4 

4946.0 

1897.1 

5033.9 

1956.4 

5123.3 

37 

.6167 

1784.1 

4860.9 

1840.4 

4947.5 

1898.1 

5035.4 

1957.4 

5134.7 

38 

•6333 

I785x> 

4862.3 

1841.3 

4948.9 

1899.0 

5036.9 

1958.4 

5126.2 

39 

.6500 

1785.9 

4863.7 

1843.3 

4950UJ 

1900.0 

5038.4 

19594 

5137.7 

40 

.6667 

1786.8 

4865.1 

1843.3 

49SI.8 

1901.0 

5039.8 

1960.4 

5139.3 

41 

.6833 

1787.7 

4866.6 

1844.2 

4953-3 

1902.0 

5041.3 
5042.8 

1961.4 

5130.7 

43 

.7000 

1788.6 

4868.0 

Z845.I 

4954-7 

1902.9 

1962.4 

5132.3 

43 

.7167 

1789.6 

4869.5 

1846.1 

4956.2 

1903.9 

5044-3 
5045.8 

1963.4 

5133.7 

44 

.7333 

1790.5 

4870.9 

1847.0 

4957.6 

1904.9 

1964.4 

5135.2 

45 

.7500 

1791.5 

4873.4 

1848.0 

4959.1 

1905.9 

5047.3 

1965.4 

S136.7 

46 

.7667 

1793.4 

4873.8 

1848.9 

4960.6 

1906.9 

5048.7 

1966.4 

5138.3 

47 

.7833 

1793-4 

4875.2 

1849.9 

4962.1 

1907.9 

5050.2 

1967.4 

5139-7 

48 

.8000 

1794.3 

4876.6 

1850.8 

4963.S 

1908.8 

5051.7 

19684 

5141.2 

49 

.8167 

1795-3 

4878.1 

1851.8 

4965.0 

1909.8 

5053.3 

19694 

5143.8 

SO 

•8333 

1796.3 

4879.S 

1853.7 

4966.4 

1910.8 

5054.6 

1970.4 

5144.3 
5145.8 

51 

.8500 

1797.I 

4880.9 

1853.7 

4967-9 

19x1.8 

5056.1 

1971.4 

S3 

.8667 

1798.0 

4882.4 

1854.6 

4969.3 

191 2.8 

5057.6 

1972.4 

s^^M 

53 

.8833 

1799.0 

4883.9 

1855.6 

4970.8 

19138 

5059.1 

1973.4 

5148.8 

54 

.9000 

1709-9 

4885.3 

1856.5 

4972.3 

1914.7 

5060.6 

1974:4 

5150.3 

55 

.9167 

1800.9 

4886.7 

1857.5 

4973.7 

1915.7 

5062.1 

1975.4 

51SI-8 

56 

•9333 

1801.8 

4888.1 

1858.4 

4975.1 

1916.7 

5063.5 

1976.4 

5153.3 

57 

.9500 

1802.8 

4889.6 

1859-4 

4976.6 

1917.7 

5065.0 

1977.4 

5154-8 

58 

.9667 

1803.7 

4891.0 

1860.3 

4978.0 

1918.7 

S066.5 

19784 

5156.3 

59 

.9833 

1804.6 

4893.S 

I86I.3 

4979-5 

1919.7 

5068.0 

1979.4  1  S1S7.» 

370 


THE  SURVEY 


Use  loo'  Chords  up  to  8*  Curves       Use  35'  Chords  up  to  3s*  Curves 
Use  50'  Chords  up  to  16**  Curves        Use  iv  Chords  above  32**  Curves 


1 

0 

Dec.  of 
Degree 

84* 

85' 

86" 

87*' 

6 

1 

0 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

ExL 

Tan. 

.cooo 

1980.S 

5159.3 

804X.8 

5250.6 

3x04.8 

5343-3 

2x69.5 

5437.5 

I 

.0167 

198X.S 

5x60.8 

2042.9 

5252.x 

3x05.9 

5344.9 

3x70.6 

5439.x 

z 

3 

.0333 

1982.S 

5163.3 

2043.9 

5253.6 

3x06.9 

5346.4 

3X7X.6 

5440.7 

3 

3 

.0500 

19835 

5 163.8 

2045.0 

5255.2 

3X08.0 

5348.0 

3x73.7 

5442.3 

3 

^4 

.0667 

1984^5 

S165.3 

2046.0 

5256.7 

3I09.X 

5349^5 

3x73.8 

5443.9 

4 

5 

.0833 

.1000 

1985-6 

5166.9 

2047.0 

5258.3 

3XXO.I 

5351^1 

2x74.9 

5445-5 

1 

6 

X986.6 

5x68.4 

2048.0 

5259-8 

3IIX.3 

5352.7 

3x76.0 

5447-1 

6 

7 

.XI67 

X987.6 

S169.9 

2049.1 

5261.4 

3XX3.3 

5354.3 

2x77.1 

5448.7 

1 

8 

.X333 

1988.6 

S171.4 

2050.x 

5262.9 

2XX3.4 

5355-8 

2x78.2 

5450.3 

8 

9 

.1500 

X989.6 

Si72^9 

2051.3 

5264.5 

3II4.S 

5357^4 

2179.3 

5451.9 

9 

10 

.X667 

1990.6 

5174^4 

3053.3 

5366.0 

2115-5 

5358.9 

2x80.4 

5453-4 

xo 

XX 

.1833 

1991-7 

5175-9 

3053.3 

5267.5 

:  2XX6.6 

5360.5 

218X.5 

545S.O 

zx 

12 

.2000 

1992.7 

5177-S 

3054.3 

5269.0 

2x17.6 

5362.0 

2182.5 

5456.6 

Z3 

13 

.2x67 

1993-7 

5 179.0 

3055.3 

5270.6 

2XX8.7 

5363.6 

2183.6 

5458.3 

13 

14 

.2333 

1994.7 

S180.5 

3056.3 

5273.1 

3XX9.8 

5365.2 

3x84.7 

5459.8 

14 

^S 

.3500 

1995-7 

5183.0 

2057.4 

5273.7 

3X30.9 

5366.8 

3x85.8 

5461.4 

15 

16 

.3667 

1996.7 

5183.S 

3058.4 

5275.2 

3X2X.9 

5368.3 

3x86.9 

5463.0 

x6 

17 

.2833 

1997.8 

5x85.0 

!  2059.5 

5376.8 

2123.0 

5369.9 

3x88.0 

5464.6 

'2 

x8 

.3000 

1998.8 

5x86.6 

1  3060.5 

5278.3 

2x24.x 

5371.4 

3x89.x 

5466.3 

x8 

X9 

.3167 

1999-8 

5x88.0 

3061.6 

5279.9 

2x25.3 

S373.0 

3190.2 

5467.8 

19 

20 

•3333 

2000.8 

5189.6 

3063.6 

5281.4 

3x36.3 

5374.6 
5376.2 

3x91.3 

5469.4 

30 

21 

.3500 

300I.8 

S191.0 

3063.7 

5283.9 

3x27.3 

3x93.4 

5471.0 

3X 

22 

.3667 

2002.8 

5193.6 

2064.7 

5284.4 

2x28.3 

5377.7 

2x93.5 

5473.5 

33 

23 

.3833 

2003.9 

5194.0 

2065.8 

5386.0 

2129.4 

5379.3 

3x94.6 

5474-1 

,*3 

24 

.4000 

2004.9 

5195-6 

3066.8 

5287.5 

2x30.5 

5380.8 

2x95.7 

5475.7 

24 

25 

.4167 

3005.9 

5197^2 

3067.9 

5289.1 

2I3X.6 

5383.4 

3196.8 

5477.3 

*l 

26 

•4333 

3006-9 

s  198.7 

3068.9 

5290.6 

2x32.6 

5383^9 

2x97.9 

5478.9 

36 

37 

.4500 

2007.9 

5200.2 

2070.0 

5293.3 

2x33.7 

5385^5 

3x99.0 

5480.S 

li 

28 

.4667 

2008.9 

520X.7 

307 x.o 

5293.7 

2134.8 

5352-^ 

3300.X 

5483.1 

29 

.4833 

20x0.0 

5303.3 

3073.1 

5295.2 

2X359 

5388.7 

330Z.3 

5483.7 

29 

30 

.5000 

30XX.0 

5204.7 

30731 

5296.7 

2136.9 

5390.2 

3303.3 

5485.3 

30 

31 

.5167 

3013.0 

5206.3 

3074.3 

5298.3 

2x38.0 

5391.8 

3303.4 

54f6.9 

31 

3a 

•5333 

3013.0 

5207.8 

3075.3 

5299.8 

2x39.0 

53934 

3304.5 

5488.5 

32 

33 

•5500 

3014.0 

5209.3 

2076.3 

5301.4 

2x40.1 

539S.O 

3305.6 

5490.1 

33 

34 

.5667 

3015.0 

53X0.8 

2077.3 

S303.9 

2I4I.2 

5396.5 

3306.8 

5491.7 

34 

35 

.5833 

3016.0 

5213.4 

3078.4 

5304.5 

2x42.3 

5398.1 

3307.9 

5493.3 

35 

36 

.6000 

3017.0 

5213.9 

2079.4 

5306.1 

2x43.3 

5399.7 

3309.0 

5494.9 

36 

37 

.6167 

30x8.0 

5215.4 

3080.5 

5307^7 

2x44.4 

5401.3 

33XO.X 

5496.S 

H 

38 

•6333 

30x9.x 

5316.9 

2081.  s 

5309.3 

2x45.5 

5402.8 

33XX.3 

5498.x 

38 

39 

.6500 

3030.X 

53x8.4 

3083.6 

5310.8 

2x46.6 

5404^4 

33X3.3 

5499.7 

39 

40 

.6667 

303X.2 

5330.0 

3083.7 

5312.3 

2x47.7 

5406.0 

33x3.4 

SS01.3 

40 

41 

.6833 

2022.2 

532X.6 

2084.8 

5313.9 

2148.8 

5407.6 

22X4.5 

5503.9 

41 

42 

.7000 

2023.2 

5233.1 

2085.8 

5315.4 

2x49.8 

5409.1 

33X5.6 

5504.5 

42 

43 

.7167 

2024.3 

5224.6 

2086.9 

5317.0 

2150.9 

5410.7 

3316.7 

5506.1 

43 

44 

.7333 

3035.3 

5226.1 

2087.9 

5318.5 

2152.0 

5412.3 

33X7.8 

5507.7 

44 

45 

•7500 

2026.4 

5227.7 

2089.0 

5320.1 

2153.1 

5413^9 

33X8.9 

5509.3 

^1 

46 

.7667 

2027.4 

5229.2 

2090.0 

532X.6 

2154.2 

5415^4 

3330.0 

5510.9 

46 

47 

.7833 

2038.4 

5230.7 

209X.1 

5323.2 

2155.3 

5417.0 

333X.3 

5513.5 

*2 

48 

.8000 

2029.4 

5232.2 

2092.x 

5324.7 

2x56.4 

5418.6 

3333.3 

5514.1 

48 

49 

.8167 

2O3O.S 

5233.8 

2093.3 

5326.3 

2x57.5 

5420.3 

3333.4 

5515.7 

40 

50 

.8333 

203I.S 

5235^3 

3094.2 

5327.8 

2x58.6 

5421.8 

3234.5 

SS17.3 

50 

51 

.8500 

2032.6 

5236.8 

2095.3 

5329.4 

2159^7 

5423.4 

33356 

5518.9 

51 

Sa 

.8667 

2033.6 

5238.3 

2096.3 

5330.9 

2160.7 

5424-9 

3226.7 

5520.S 

5« 

53 

.8833 

2034.6 

5239.9 

2097.4 

533  2.5 

2I6X.8 

5426.5 

2227.9 

5533.1 

53 

54 

.9000 

2035.6 

5241.4 

2098.4 

S334.0 

2x62.9 

5428.1 

2238.9 

5523.7 

54 

55 

.9167 

2036.7 

5243.0 

2099-5 

5335.6 

2x64.0 

5429.7 

3330.0 

5525-3 

SS 

56 

•9333 

2037.7 

5244-s 

2x00.6 

5337-1 

2I6S.X 

5431.2 

3231. 1 

5526.9 

s« 

57 

.9500 

2038.7 

5246.0 

2101.7 

5338.7 

2X66.2 

5432.8 

2232.2 

5528.5 

52 

8 

.9667 

2039.8 

5247.S 

2x02.7 

5340.2 

2x67.3 

5434.4 

2233-3 

5530.Z 

58 

) 

.9833 

2040.8 

5249.1 

2x03.8 

5341.8 

2x68.4 

5436-0 

3334.5 

5531.7 

50 

FUNCTIONS  OF  ONE-DEGREE  CURVE 

Use  xoo'  Chords  up  to  8"  Curves       Use  25'  Chords  up  to  33"  Curves 
Use  50'  Chords  up  to  16**  Curves        Use  xo'  Chords  above  33"  Curves 


nutes 

88' 

89' 

90- 

91* 

0 

QQ 

Ext. 

Tan. 

Ext. 

Tan. 

Ext.   Tan. 

Ext. 

Tax 

.0000 

3335.6 

5533-3 

3303.6 

5630.8 

2373.4 

S730.0 

2445.1 

5830 

I 

.0167 

3336.7 

5S3S.O 

3304.7 

5632.5 

2374.6 

5731.7 

3446.3 

5832 

2 

.0333 

3337.8 

5536.6 

3305.6 

5634.1 

4375.8 

5733.3 

2447.5 

5834 

3 

.0500 

3338.9 

5538.3 

3307.3 

5635.8 

3377.0 

S7350 

3448.8 

5836 

4 

.0667 

3340.x 

5539.8 

3308.1 

5637.4 

3378.3 

5736.7 

3450.0 

5837 

$ 

•0833 

3341.3 

5541.5 

2309-4 

5639-1 

2379.4 

5738.4 

2451.2 

5839 

6 

.1000 

3343.3 

SS43.I 

33x0.5 

5640.7 

3380.5 

5740.0 

2452.4 
2453.6 

5841 

7 

.1167 

2343.5 

5544.7 

3311.6 

5643.4 

3381.7 

5741-7 

5842 

8 

•1333 

3344.6 

5546.3 

33x3.8 

5644-0 

3383.9 

5743-4 

3454.8 

5844 

9 

.1500 

3345.7 

5547>9 

3314.0 

5645.7 

3384.x 

5745-1 

3456.0 

5846 

10 

.1667 

3346.8 

5549.5 

3315-1 

5647.3 

2385.3 

5746.7 

3457.2 

5847 

IX 

.1833 

3348.0 

SS5I.2 

3316.3 

5649.0 

3386.4 

5748.4 

2458.5 

5849 

12 

.3000 

3349.1 

S5S2.8 

3317.4 

5650.6 

2387.6 

5750.0 

2459.7 

5851 

13 

.3x67 

3350.3 

5554.4 
5SS6.0 

33x8.6 

5652.3 

33^.8 

5751-7 

3460.9 

5853 

14 

.2333 

a35x.3 

3319.7 

5653.9 

339ao 

5753-4 

3463.x 

5854 

15 

.3500 

3353.5 

55574 

3330.9 

5655.5 

3391.3 

5755.1 

2463.3 

sfsj 

16 

.3667 

3353.6 

5559-2 

9333.0 

5657.1 

2392.4 

5756.7 

3464.5 
3465.8 

5858 

17 

•2833 

3354.7 

5560.9 

3333.3 

5658.8 

2393.5 

5758.4 

5859 

18 

.3000 

2255.8 

5563.5 

2324.3 

5660.4 

2394-7 

5760.1 

3467.0 

5861. 

19 

.3167 

3357.0 

5564.1 

2335.6 

5663.x 

2395.9 

5761.8 

3468.3 

5863. 

20 

^333 

3358.1 

5565.7 

3336.7  < 

5663.7 

3397.1 

5763.4 

2469-4 

5f$t 

31 

•3500 

2359-3 

5567.3 

3337.9 

5665.4 

2398.3 

5765.1 

3470.6 

5866. 

33 

.3667 

3360.4 

5568.9 

3339.0 

5667.0 

2399.5 

5766.8 

3471.9 

5868. 

23 

.3833 

336X.5 

5570.6 

3330.1 

S668.7 

3400.7 

5768.5 

2473.1 

5870. 

24 

.4000 

3363.7 

5572.3 

2331.3 

5670.3 

340X.9 

5770.1 

2474.3 

5871. 

25 

^167 

3363.8 

5573.8 

2332.5 

5673.0 

3403.1 

5771.8 

2475.5 

5873. 

36 

-♦333 

3364.9 

5575.4 

2333-7 

5673.6 

2404.3 

5773.5 

3476.7 

S!7S. 

37 

-4SOO 

3366.0 

5577.0 

2334-8 

5675.3 

2405.5 

5775.2 

3478.0 

5876. 

38 

^667 

3367.3 

5578.6 
5580.3 

3336.0 

5676.9 

3406.6 

5776.9 

2479.2 

5?2®- 

29 

^33 

3368.4 

2337.1 

5678.6 

3407.8 

5778.6 

3480.4 

5880. 

30 

.5000 

3369.5 

558X.9 

2338-3 

5680.3 

3409.0 

5780.3 

348X.6 

5883. 

31 

.5167 

3370.6 

5583-5 

2339-5 

568X.9 

3410.3 

5781.9 

3483.9 

5883. 

32 

•5333 

3371.7 

5585.1 

2340.7 

5683.5 

3411.4 
3413.6 

5783.6 

3484.x 

5885. 

33 

•SSoo 

3373.8 

5586.8 

2341.9 

5685.3 

5785.3 

2485.3 

5887. 

34 

.5667 

3373.9 

5588w^ 

2343.0 

5686.8 

3413.8 

5787.0 

3486.5 

5888. 

35 

.5833 

3375.x 

5S90.X 

2344.1 

5688.5 

34x5.0 

5788.7 

3487.8 

5890. 

36 

.6000 

3276.3 

5591-7 

2345-3 

5690.3 

3416.3 

5790.3 

3489.0 

5892. 

37 

.6x67 

2277.3 

55933 

2346.5 

5691.9 

3417.4 

5792.0 

2490.3 

5894 

38 

.6333 

2278.5 

5594-9 

2347.7 

5693.5 

34x8.6 

5793.7 

2491.5 

5895 

39 

.6500 

2279.7 

5596.6 

2348.9 

5695-2 

3419.8 

5795-* 

3493.7 

5897 

40 

.6667 

3380.8 

5598.3 

3350.0 

^5696.8 

343X.0 

5707-; 

2493.9 

5899. 

41 

.6833 

328X.9 

5599-8 

3351.3 

5698.5 

3433.3 

5798.8 

2495.2 

5900. 

42 

.7000 

3383.0 

560X.4 

2352.3 

5700.1 

24234 
3434.6 

58oo«| 

3496.4 

5903. 

'43 

.7x67 

3284.x 

5603.x 

2353.5 

5701.8 

5803.x 

3497.7 

5904. 

44 

.7333 

2285.3 

5604.7 

2354.7 

5703.4 

3435.8 

5803.8 

3498.9 

5906. 

.45 

.7500 

3386.5 

5606.4 

2355.8 

5705.1 

3437.0 

5805.5 

3500.x 

5907 

46 

.7667 

3387.6 

5608.0 

2357.0 

5706.8 

3438.3 

5807.3 

350X.3 

5909 

47 

.7833 

3388.7 

560^.6 

2358.1 

5708.5 

3439-1 

5808.9 

3503.6 

5911 

48 

.8000 

3389.9 

56XX.3 

2359.3 

5710.1 

3430.6 

5810.6 

3503.8 

5912. 

49 

.8x67 

339X.I 

56x3.9 

3360.5 

5711-8 

343X.8 

58x3.3 

3505.1 

5914 

SO 

.8333 

3393.3 

5616.3 

3361.7 

5713.4 

2433.0 

5814.0 

3506.3 

5916. 

51 

•5§5® 

2293-3 

3363.9 

57IS.X 

2434.2 

5815.7 

2507-5 

5918 

52 

.8667 

3394.4 

56x7.8 

3364.0 

5716.7 

2435.4 

5817.3 

3508.7 

5919^ 

53 

^33 

3395.6 

5619.4 

336S.X 

5718.4 

3436.6 

58x9.0 

3510.0 

5921 

54 

.9000 

3396.7 

563 x.o 

3366.3 

5730.0 

2437.9 

5830.7 

351X.3 

5923 

55 

.9x67 

3397.9 

5623.7 

2367.5 

5721.7 

2439.x 

5833.4 

35x3.5 

59«S 

56 

.9333 

3399.0 

5634.3 

3368.7 

5723.4 

2440-3 

5§*4.i 

2513.7 

592f 

57 

.9500 

3300.3 

5635.9 

3369.9 

5725.1 

3441.5 

5835.8 

2515-0 

592S 

S8 

.9667 

330X.3 

5637.5 

3371.0 

5726.7 

3442.7 

5837.5 

35x6.3 

5930 

59 

.9833 

3303.4 

5639.3 

3373.2 

5728.4 

2443.9 

5839.3 

3517.5 

S9$^ 

37^ 


THE  SURVEY 


Use  loo'  Oiords  up  to  8*  Curves 
Use  50'  Chords  up  to  16**  Curves 


Use  as'  Chords  up  to  3a*  Curves 
Use  xo'  Chords  above  32"  Curves 


0 

92' 

93" 

94- 

95' 

1 

0 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext 

Tan. 

.0000 

2518.7 

5933.6 

2594-2 

6038.3 

367X.8 

6x44.7 

2751.5 

6353.3 

z 

.0167 

2520.0 

5935.3 

2595.5 

6040.0 

2673.x 

6146.5 

2752.9 

6255.1 

z 

a 

.0333 

2521.3 

5937.0 

3596.8 

604X.7 

2674.4 

6148.3 

2754.2 

6256.9 

2 

3 

.0500 

2522.4 

5938.8 

2598.x 

6043.5 

2675.7 

61 50.x 

2755.6 

6258.7 

3 

4 

.0667 

2523.6 

5940.S 

2599.3 

6045.3 

2677.0 

6x51.9 

2756.9 

6260.5 

4 

S 

.0833 

25249 

5942.3 

2600.6 

6047.0 

3678.4 

6x53.7 

2758.3 

6262.4 

1 

6 

.1000 

2526.1 

5944.0 

360X.9 

6048.7 

2679.7 

6155.4 

2759.6 

6264.2 

7 

.1167 

2527.4 
2528.6 

5945-7 

2603.2 

6050.5 

268X.0 

6157.3 

2761.0 

6266.0 

7 

8 

.1333 

5947-* 

3604.4 

6052.2 

2682.3 

6159.0 

2762.3 

6267.8 

8 

9 

.1500 

2529.9 

5949.2 

3605.7 

6054.0 

2683.6 

6x60.8 

2763.7 

6269.7 

9 

10 

.1667 

2531.1 

5950.9 

3607.0 

6055.8 

2684.9 

6x63.6 

3765.0 

6271.5 

xo 

II 

.1833 

2532.4 
2533-0 

5952.7 

2608.3 

6057-S 

2686.3 

6164.4 

3766.4 

6273.4 

XX 

12 

.2000 

5954-4 
5950.1 

2609.6 

6059.3 

2687.6 

6166.2 

2767.7 

6275.2 

X3 

13 

.2167 

25349 

26x0.9 

606X.X 

2688.9 

6x68.0 

2769.x 

6277.0 

13 

14 

.2333 

2536.1 

5957.8 

36X3.Z 

6062.8 

269a2 

6x69.8 

3770wt 

6278.8 

u 

IS 

.2500 

2537-4 

5959.6 

36x3w| 

6064.6 

3691.5 

6x71.6 

277X.8 

6280.7 

IS 

16 

.2667 

2538.6 

5961.3 

26x4.7 

6066.4 

2692.8 

6x73.4 

2773.1 

6282.5 

x6 

17 

■2833 

2539-9 

5963.1 

26x6.0 

6068.2 

2694.2 

6x75.2 

2774.S 

6284.4 

17 

x8 

.3000 

2541.1 

5964.8 
5966,5 

26x7.3 

6069.9 

2695.6 

6177.0 

2775.8 

6286.2 

x8 

19 

.3167 

2542.4 

36x8.6 

607X.7 

2696.9 

6x78.8 

3777.2 

6288.0 

19 

30 

•3333 

2543.6 

5968.3 

26x9.8 

6073.4 

2698.x 

6x80.6 

2778.5 

6289.8 

30 

31 

.3500 

2544.9 

5970.0 

262X.X 

6075.2 

2699.S 

6x82.4 

2779.9 

629X.7 

3X 

33 

.3667 

2546.1 

5971.7 

2622.4 

6077.0 

2700.8 

6x84.2 

278X.3 

6293.5 

23 

33 

.3833 

irM 

5973.S 

2623.7 

6078.8 

2702.x 

6186.0 

2782.6 

6295.4 

23 

24 

.4000 

5975.2 

2625.0 

6080.5 

2703.4 

6x87.8 

2784.0 

6397.3 

24 

*l 

•4167 

2549.9 

5977.0 

2636.3 

6082.3 

2704.8 

6x89.7 

2785.4 

6399.x 

*l 

26 

.4333 

2551.2 

5978.7 

2627.6 

6084.1 

2706.x 

6x91.5 

2786.7 

6300.9 

36 

H 

.4500 

2552.5 

5980.5 

2628.9 

6085.9 

2707.4 

6193.3 

2788.x 

6303.7 

^l 

28 

.4667 

2SS3.7 

5983.3 

2630.2 

6087.6 

2708.7 

6195.1 

2789.4 
2790.8 

6304.6 

38 

39 

^833 

2555.0 

5983.9 

363X.S 

6o89w| 

27x0.1 

6196.9 

6306.4 

29 

30 

.5000 

2556.2 

5985.6 

3632.7 

609X.3 

2711.4 

6198.7 

2792.x 

6308.3. 

30 

31 

.5167 

2557.5 
2558-7 

5987.4 

2634.0 

6093.0 

27x2.7 

6200.5 

2793.5 

63  x0.x 

31 

32 

•5333 

5989.1 

2635.3 

6094.7 

27x4.0 

6202.3 

2794.9 

63XX.9 

32. 

33 

•SSOO 

2560.0 

5990.9 

2636.6 

6096.5 

2715.4 

6204.x 

2796.3 

63x3.8 

33 

34 

.5667 

3561.3 

5992.6 

2637.9 

6098.3 

27x6.7 

6205.9 

2797.6 

63x5.6 

34 

35 

.5833 

2562.5 

5994.4 

3639.3 

6x00.1 

27x8.0 

6207.7 

2799.0 

6317.S 

35 

36 

.6000 

2563.8 

5996.1 

3640.5 

6101.8 

2719-3 

6209.5 

2800.3 

6319-3 

36 

37 

.6167 

2565.1 

5997.9 

364X.8 

6x03.6 

2720.7 

62XX.4 

280X.7 

632X.2 

32 

38 

.6333 

3566.3 

5999.6 

2643.1 

6105.4 

2722.0 

62x3.2 

2803.x 

6323.0 

38 

39 

.6500 

3567.6 

600Z.4 

2644.4 

6x07.3 

2723.4 

62x5.0 

3804.5 

6334.9 

39 

40 

.6667 

3568.8 

6003.1 

2645.7 

6x09.0 

2724.7 

6216.8 

3805.8 

6336.7 

40 

41 

.6833 

2570.1 

6004.9 

2647.0 

6xxo.8 

2726.0 

62x8.6 

2807.2 

6328.6 

41 

42 

.7000 

2571.3 

6006.6 

2648.3 
2649.6 

6xx2.5 

2727.3 

6220.4 

2808.6 

6330.4 

42 

43 

.7167 

3573.6 

6008 w( 

61x4.3 

2728.7 

6222.3 

28x0.0 

6332.3 

43 

44 

.7333 

2573.9 

60ZO.X 

265a9 

6xx6.x 

2730.0 

6334.1 

28XX.3 

6334.1 

44 

*l 

■7500 

2575.2 

60II.9 

2653.3 

61x7.9 

2731.4 

6335.9 

2813.7 

6336.0 

^ 

46 

.7667 

2576wt 

60x3.6 

3653.5 

61x9.7 

2732.7 

6227.7 

28  x4.x 

6337.8 

46 

*2 

.7833 

2577.7 

6015.4 

3654.8 

6x31.5 

2734-1 

6239.5 

28x5.5 

6339.7 

^l 

48 

.8000 

2578.9 
3580.3 

60x7.1 
60x8.9 

3656.x 

6x33.2 

2735-4 

633 X. 3 

28x6.8 

634X.5 

48 

49 

.8167 

2657-t 

6x35.0 

2736.7 

6233.3 

38x8.3 

6343  w^ 

49 

SO 

.8333 

3581.5 

6030.6 

3658.7 

6x36.8 

2738.0 

6335.0 

38x9.6 

6345.2 

50 

51 

.8500 

3583.8 

6033.4 

3660.0 

6x38.6 

2739.4 

6236.8 

282X.0 

6347.1 

51 

52 

.8667 

3584.0 

6034.x 

3661.3 

6x30w| 

2740.7 

6238.6 

2823.3 

6349.0 

52 

53 

.8833 

'S?|-3 

6035.9 

3663.6 

6x33.3 

2742.1 

6240.5 

3823.7 

6350.9 

53 

54 

.9000 

3586.6 

6037.6 

3663.9 

6x33.9 

2743.4 

6243.3 

3835.x 

6359.7 

54 

55 

,9167 

2587.9 

6039.4 

3665.3 

6x35.7 

2744.8 

6344.3 
6346.0 

3836.5 
3837.8 

X 

55 

i;6 

.9333 

3589.1 

603  X.X 

3666.6 

6x37-5 

3746.1 

56 

V 

.9500 

2590.4 

6033.9 

3667.9 

6x39.3 

2747.S 

6347.8 

3839.3 

635^3 

59 

1 

.9667 
.9835 

2591.7 
2593.0 

6034.6 
6036.4 

3669.3 
2670.5 

6X4X.1 
6x43.0 

S748.8 
3750.3 

6249.6 
6251.4 

383a6 
3833.0 

6s6ax 
6363.0 

FUNCTIONS  OF  ONE-DEGREE  CURVE 


Use  xoo'  Chords  up  to  8**  Curves        Use  25'  Chords  up  to  3a*  Curves 
Use  so'  Chords  up  to  i6'  Curves        Use  10'  Chords  aSove  3a**  Curves 


1 

0 

Dec.  of 
Degree 

96- 

97- 

98- 

99' 

Ext. 

Tan. 

Ext. 

Tan. 

Ext. 

Tan. 

Ext 

Tai 

.0000 

2833^ 
2834.8 

6363.8 

2917.5 

6476.6 

3004.0 

6591.6 

3092^ 

670< 

I 

.0x67 

6365.7 

29x8.9 

6478.5 

3005.5 

6593.6 

3094.4 

67x1 

2 

^333 

2836.1 

6367.5 

2920.3 
2931.8 

6480.4 

3006.9 

6595.5 

3095.9 

67XJ 

3 

.0500 

2837.5 

6369.4 

6482.3 

3008.4 
3009.8 

6597.5 

3097.4 

67Xi 

4 

.0667 

2838.9 

6371.3 

2923.3 

6484.3 

6599.4 

3098.9 

67x( 

S 

.0833 

2840.3 

6373.2 

2924.6 

6486.1 

3011.3 

6601.3 

3ioowi 

671^ 

6 

.xooo 

2841^ 

6375.0 

2926.0 

6488.0 

30x2.8 

6603.2 

3101.9 

67  2( 

7 

.1167 

2843.1 

6376.9 

2927.5 

6489.9 

3014.3 

6605.2 

3103-^ 

6722 

8 

.1333 

2844.5 

6378.7 

2928.9 

6491.8 

30x5.7 

6607.1 

3x04.9 

67  2i 

9 

.1500 

2845.9 

638a6 

2930.3 

6493.7 

3017.2 

6609.Z 

3106.4 

672( 

zo 

.1667 

2847.2 

6382.S 

2931.7 

6495.6 

30x8.6 

66xix> 

3107.9 

6722 

XI 

.1833 

2848.6 
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,  ^^  A  Central  angle 

i  =  loo  X  7;  =  f; 7 ^ —  X  100. 

D      Degree  of  curvature 

For  the  convenience  of  the  field  engineer  column  i,  Table  32, 
gives  the  central  angle  (A)  in  degrees  and  minutes  (as  read  by 
the  transit);  column  2  gives  the  same  angle  expressed  in  degrees 
and  decimals  for  figuring  curve  lengths. 

Tangent  Length  and  Externals, — Sketch  No.  71  shows  a  general 
curve  problem.  The  deflection  angle  between  the  tangents  at 
the  point  of  intersection  (P.  I.)  =  the  central  angle  of  the  curve  that 
will  fit  these  tangents;  it  is  referred  to  as  A. 

The  tangent  distances  equal  the  distance  from  the  P.  C.  (be- 
ginning of  curve)  to  the  P.  /.  or  P.  /.  to  P.  T,  (end  of  curve)  and  is 
expressed  by  the  formula 

T  —  Radius  X  tangent  of  —  (4) 

2 

Gttenfcr/\ 
^C.  \f>J. 


CtnterofCurvtj 
Pig.  71. 

Therefore,  for  a  given  central  angle  A,  the  tangent  length  is  di- 
rectly proportional  to  the  radius.  If  the  tangent  lengths  of  a  i* 
curve  for  different  A's  are  tabulated,  the  tangent  length  for  any 
desired  degree  of  curve  equals  tangent  length  for  i  curve  for 
the  specified  A  divided  by  the  degree  of  the  desired  curve  ex- 
pressed in  degrees  and  decimals  of  a  degree. 

Expressed  as  a  formula  this  reads: 

_          .  i.      t    .    J                 Tangent  i®  curve  for  specified  A  ,  , 
Tangent  for  desired  curve  = ^ *- (5) 

and  reversing  the  formula  we  can  determine  the  desired  degree 
of  curve  for  a  specified  tangent  length  by  the  formula 

—  Tangent  1°  curve  for  specified  A  -  . 

Specified  tangent  length  desired 

The  external  is  the  distance  from  the  P.  /.  to  the  curve  arc  on 
the  line  between  the  P.  /.  and  the  center  of  the  curve.  It  is  deter- 
mined by  the  formula: 


Ext.  =* -r  —  Radius  =  Radius/ 


Cosine^  1  Cosine^  '     <'> 

2  \  2 
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and  is  directly  proportional  to  the  radius  in  the  same  manner  as 
the  tangent  length;  therefore,  the  external  of  any  desired  curve 
for  a  spedfi^ed  A  equals  the  external  of  a  i^  curve  for  that  A  divided 
by  the  degree  of  curvature. 


Wntof  TangencY 


langgnt^ 


An^m^CentmfMgkA 


^C0ntwroFCurve 

Pig.  72, 


—      4  Curve, 
The  Distances  alonq  fheArt 
between(h-Z)(2-firpU)€fc  an 
each  too. 


Pig.  73. 

Expressed  as  a  formula  this  reads: 

„'           ,   r      J    .     ,                  Ext.  I®  curve  for  specified  A 
External  for  desired  curve  =  ■  .^ ^ 


(8) 
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and  reversing,  as  for  tangents,  the  desired  degree  of  curvature  is 
obtained  that  gives  a  specified  external  distance,  by  the  formula, 

_    Ext.  1°  curve  for  specified  A  .  . 

Specified  Ext.  distance  desired 

Methods  of  Running  Curves. — Curves  are  run  in  the  field  by 
tangent  (^sets,  middle  ordinates  or  deflection  angles.  Deflec- 
tion angles  is  the  simplest  method  and  is  almost  universally  used. 
It  is  based  on  the  principle  that  the  angle  S  between  the  tangent 
and  arc  chord,  one  end  of  which  is  at  the  point  of  tangency,  is 
equal  to  J^  the  central  angle  subtended  by  that  chord.  Sup- 
pose the  angle  A  is  4®  and  the  arc  length  ST  ~  100  feet.  This 
curve  would  then  be  a  4°  curve.  From  the  previous  definitions 
locate  the  point  T  (Fig.  72)  by  turning  the  deflection  angle  S  = 
2°  from  the  tangent  and  measuring  100  feet  of  arc  in  such  a  position 
that  the  end  of  the  arc  would  be  on  the  line  of  the  chord  5r.  It 
is  impossible  to  conveniently  measure  the  arc  distance  and  for 
all  practical  purposes  a  chord  length  of  100'  will  answer  for  a 
4®  curve  (see  discussion,  page  379). 

Suppose  we  wish  to  locate  the  points  2,  3,  4,  $,  and  6  on  the 
4®  curve  from  point  i  or  the  P.C.  of  a  curve  (Fig.  73). 

Set  the  transit  at  the  P.C;  if  we  turn  a  deflection  —  =  2**  from 

2 

the  tangent  xy  the  line  of  sight  will  pass  through  the  point  2; 

7? 
if  we  turn  —  =  4°  the  line  of  sight  will  pass  through  point  3;  6°, 

point  4,  etc.;  it  only  remains  to  measure  to  these  points  to  locate 
them  definitely.  This  can  be  done  in  two  ways,  by  measuring 
the  distances  1-2,  1-3,  1-4,  1-5,  etc.,  or  by  measuring  1-2,  2-3, 
3-4,  4-5,  etc. 

In  the  first  case  the  difference  between  the  length  of  arc  and 
the  chord  length  becomes  so  great  that,  unless  a  correction  is 
made,  the  points  are  not  exactly  located;  that  is,  the  length  of 
arc  between  points  i,  2,  3,  4,  Sf  ^>  —  5^  while  the  chord  length 
1-6  =  497.5';  also,  it  takes  longer  to  measure  the  distances  1-2, 
1-3,  1-4,  1-5,  1-6,  etc.,  than  it  would  1-2,  2-3,  3-4,  4-5,  etc. 

In  the  second  method  we  can  use  chords  of  100'  from  1-2,  2-3, 
etc.,  with  no  appreciable  error,  as  the  distance  measured  by  chords 
ii  2,  3,  4,  5,  6,  =  49994'. 

Therefore,  the  method  usually  adopted  is  to  turn  the  deflection 

MM 

angle  —  and  measure  the  chord  1-2,  which  locates  the  point  2; 

then  turn  the  deflection  angle  —  and  measure  the  chord  distance 

2 

2-3,  locating  point  3,  -etc. 

The  fact  has  been  mentioned  that  the  use  of  the  chord  distance 
as  equal  to  the  arc  introduces  an  error  but  that  this  error  is  of 
no  importance  for  a  4®  curve:  As  the  degree  of  curvature  in- 
creases, the  difference  between  an  arc  length  of  100'  and  the  chord 
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length  becomes^reater,  and  it  is  necessary  to  determine  the  limit  of 
curvature  that  will  allow  the  use  of  100'  chords  in  locating  curve 
points.  On  page  324  the  statement  is  made  that  center  line  chain- 
ing should  be  correct  to  within  o.i'  per  100'  of  length,  which  allows 
a  difference  in  arc  and  chord  of  o.i.  This  occurs  when  the  degree 
of  curvature  reaches  9**  per  100'.  The  difference  can  then  be 
reduced  by  the  simple  expedient  of  using  50'  chords,  which  re- 
duces the  error  for  this  degree  of  curvature  from  o.io'  per  100' 
of  length  using  100'  chords  to  0.02'  using  50'  chords;  50  chords 
can  be  used  up  to  18**  curves  and  beyond  that  point  25'  chords. 

It  is  better  not  to  use  the  full  limit  of  allowable  error,  and  a  good 
working  rule  is  100'  chords  up  to  8®  curves,  50'  chords  up  to  16® 
curves,  25'  chords  to  32°  and  beyond  that  10'  chords. 

For  any  given  curve  the  deflection,  angle  and  central  angle 
are  directly  proportional  to  the  length  of  the  arc,  and  if  the  de- 
flection angle  for  100'  arc  of  10®  curve  equals  5°  the  deflection 

5         ^00' 
angle  for  one  foot  of  arc  of  10®  curve  equals  -^—  —  - —  —  3  minutes. 

100      100 

An  example  of  a  typical  simple  curve  problem  can  now  be  given: 
JL- ;k Tan,L€ngth ^.El'SiaMHU        B 
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To  determine  the  degree  of  curvature  desired  from  a  fixed  external 

distance 

At  station  23  -f-  42.6  we  have  a  deflection  angle  of  25®  10'  be- 
tween tangents  AB  and  J5'C;  suppose  upon  examining  the  ground 
it  is  decided  that  to  fit  the  old  roadbed  and  give  good  alignment 
the  curve  should  be  located  somewhere  between  13.5'  and  14.5' 
to  the  right  of  the  transit  point  at  station  23  +  42.6.  Proceed 
as  follows:  from  table  32  pick  out  the  external  for  a  i^  curve  for 
A  =  25®  10',  this  equals  141. o'. 

The  problem  is  to  determine  the  degree  of  curvature  that  will 
give  an  external  of  between  13.5'  and  14.5'.    Use  formula  (9). 

_,       Ext.  1®  curve  for  25®  10'      141 .0'  „ 

D  =  -, — >  —  10.44  curve. 

I3-S  135^ 


_,      Ext.  1°  curve  for  25®  10'      141.0' 

IJ     =! =    =    9.72 

14-5  14.5 


®  curve. 
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To  fit  the  conditions  some  curve  must  be  selected  between  a 
10.44**  and  a  9.72°.  A  10**  curve  would  be  naturally  selected  as 
being  the  simplest  to  figure. 

To  determine  the  required  degree  of  curvature  for  a  fixed  tangent 

length 

Take  the  same  problem  as  above  except  there  must  be  a  tangent 
length  of  between  127'  and  129'.    Use  formula  (6). 

-,       Tangent  i®  curve  for  25*  10'      1 279.1'  « 

D  =  — =  — ~—  =  10.07    curve. 

127'  127'  ' 

-.       Tangent  i®  curve  ior  25°  10'      1 279.1'  o 

D  = -. =  — '-—-  =  9.91    curve. 

129'  129 

Table  32  gives  tangent  for  25®  10'  =  12 79.1'. 

These  limiting  values  would  result  in  the  selection  of  a  10^ 
curve.  The  degree  of  the  desired  curve  is  usually  selected  in  one 
of  these  two  wa)rs;  ordinarily  it  is  determined  by  the  external 
distance. 


BC'Sta.iii'M^T M'Sfa.23t42.6  B 


D'  10''R^S73.0 
r «  IZ73L  -  251.7 
P.C.^Sta.2ZH4n 
P.T.^Sfxx.ZAi-eM 


s^'  ^sy^,. 
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Simple  Curve  Problem.  Case  z. — ^To  compute  the  notes  for  a 
10°  curve  for  a  deflection  angle  of  25®  10'  between  tangents  at 
station  23  -j-  42.6. 

Central  angle  =  25**  10'. 

Table  32  gives  the  tangent  i**  curve  for  25°  10'  —  12  79.1. 

rr^  ^  O  I279.I 

Tangent  10    curve  =«  — ^-^—  =  127.91. 

10 

The  station  of  the  F,C,  then  equals  station   23  +  42.6  P./. 

minus  127.9'  —  station  22  +  14.7. 

The    length    of    curve  =  t;  =  o       X  100'  -  251.7  feet. 

x/  10 

The  station  of  the  FJT,  (Tangent  point,  or  end  of  the  curve) 
as  measured  around  the  arc  is  then  station  (22  +  14.7  F,C.)  + 
251.7'  =  station  24  +  66.4. 

The  rule  for  running  curves  requires  the  use  of  50'  chords  for 
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a  10°  curve.  We  must,  therefore,  figure  the  deflections  for  the 
even  stations  and  the  50'  stations  as  follows: 

Station  22-1-50,  23  -h  00,  23  -h  50,  24  +  00,  24  -h  So»  *nd 
to  check  the  curve  station  24  4-  66.4. 

For  a  10®  curve,  Table  31. 

The  deflection  for  100'  of  arc  =  5® 

II  u  u      ^q/  ti     u     ^  2°  30' 

"  "  «  i'   «      "      ss   o**  03' 

.  The  distance  from  the  P.C  station  22  -f  14.7  to  station  22  -h 
50  is  35.3';  the  deflection  per  foot  =  0°  03',  for  35.3'  =  35.3  X 
o®  03'  =  105.9  minutes  =*  i**  46'. 

The  distance  P.C  to  station  23  -f-  00  equals  85.3',  or  50'  farther 
than  for  station  22  -f-  50;  the  deflection  per  50  of  arc  equals 
2°  30';  therefore,  the  deflection  for  station  2^  -h  00  equals  the 
deflections  for  station  22  -h  50  (i"  46')  plus  2®  30  ,  the  deflection  for 
50'  of  arc  or  4**  16';  in  a  like  manner  the  deflection  for  station  23  + 
50  is  6®  46';  for  24  -\-  00,  9**  16';  for  24  4-  50,  11®  46';  the  distance 
from  station  24  -f  5©  to  the  F,T,  station  24  +  66.4  is  16.4'; 
the  deflection  for  16.4'  ec|uals  16.4  X  b"  03'  =  49.2';  the  deflection 
.for  station  244-66.4  is,  therefore  (i  i**  46' +  49')  =  1 2**  35'; 
if  the  deflection  notes  have  been  properly  figured  this  last  deflection 
to  the  P.T,  should  always  be  yi  the  central  angle  of  the  curve; 
in  this  case  J^  of  25®  10',  which  equals  1 2®  35',  checking  the  notes. 

To  run  the  curve.  Set  up  the  transit  at  the  P./.;  sight  along 
the  tangent  (5.^.),  measure  off  the  distance  i27.9"(tangent  length) 
along  this  Ime  and  set  the  P,C,  exactly  on  the  line.  In  a  Hke 
manner  set  the  P,T.  on  the  forward  tangent  (J3'.C.)  127.9'  from 
the  P./«  Then  set  up  the  transit  on  the  P.C.  and  .with  the  vernier 
at  0°  00'  sight  on  the  P./.,  using  the  lower  plate  motion.  Loosen 
the  upper  motion  and  deflect  1^46';  measure  along  this  line  35.3^ 
which  locates  station  22  -f-  50  on  the  curve  arc;  then  loosen  the 
upper  motion  and  set  the  vernier  to  read  4*  16';  measure  50'  from 
the  just  located  station  22  4-  50f  so  that  the  forward  end  of  the 
tape  is  in  line  with  the  transit  deflection  of  4^  16';  this  locates 
station  23  -f  00  on  the  curve  arc.  In  a  like  manner  deflect  6^ 
46'  and  measure  forward  50'  from  station  23  4-  00  to  station  23  4- 
50,  etc.,  until  the  fP.T.  is  reached.  If  the  curve  has  been  correctly 
run  the  last  deflection  of  12®  35'  will  strike  the  previously  located 
P,T,  and  the  distance  from  station  24  4-  S©  to  this  P.T,  will  be 
16.4';  if  the  distance  checks  within  0.2'  it  is  sufficiently  dose. 

The  above  problem  and  method  of  laying  out  a  curve  is  the 
simplest  form  encountered;  in  it  we  assume  that  the  P./.,  P.T. 
and  all  intermediate  points  on  the  curve  are  visible  from  the  P.C, 
and  that  the  PJ.  is  accessible. 

In  nine  cases  out  of  ten  this  method  is  applicable  to  road  curves, 
but  where  the  P./.  occurs  outside  of  the  road  fences  it  sometimes 
is  located  in  a  stream,  pond,  building,  etc.,  and  cannot  be  occupied. 
This  is  known  as  the  problem  of  the  inaccessible  P.J.  More 
often  it  is  impossible  to  4see  the  P.T.,  or  some  intermediate  point 
on  the  curve   from   the  P.C*^  which  necessitates   intermediate 
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transit  points  on  the  curve.  The  problem  of  inaccessible  P,C.s 
or  P.T.S  is  so  rare  it  will  not  be  illustrated. 

Problem  of  the  Inaccessible  P.  I.  Case  2.-^The  point  H  (P,L) 
can  not  be  occupied.  Locate  any  two  convenient  points,  j  and  t 
on  the  tangents  A.B.  and  B\C,  and  measure  the  distance  ^^ equals, 
say,  1 10.5'. 

Set  the  transit  at  ;  and  measure  the  angle  between  the  line 
A.S.  produced  and  st,  say,  5°  10';  in  a  similar  manner  measure  the 
angle  at  t  between  si  produced  and  the  forward  tangent  /C,  say, 
20®  00'.  The  total  deflection  then  between  the  fangent  AsB  and 
B'tC  or  the  central  angle  of  the  curve  to  be  run  is  the  sum  of  these 
two  deflections,  angles  (5®  10')  +  (20°  00')  =  25**  10'. 

Assuming  a  10®  curve  is  desired  we  must  locate  the  P,C.  from 
the  point  j  and  the  P,T,  from  the  point  /. 

A  JRC  [5'Sfa.B2^SJ.Z  Hj  J*r. inauessibh © 
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In  the  preceding  simple  cufve  problem  the  tangent  length  of 
a  10®  curve  with  a  central  angle  of  25**  10'  was  figured  to  be  127.9': 
it,  therefore,  remains  to  compute  the  distance  sH  which  subtracted 
from  127.9'  ^U  give  ^^c  distance  from  s  along  the  tangent  sA  to 
the  P.C,  of  the  curve.  In  a  similar  manner  compute  tH,  which 
subtracted  from  127.9'  gives  the  distance  along  the  forward  tangent 
iC  to  the  P.T,  of  the  curve. 

Knowing  the  station  of  the  point  s  as  measured  along  the  tangent 
A,B,  the  station  of  the  P,C,  is  determined;  then  ^ure  the  de- 
flections in  the  usual  manner  and  run  the  curve. 

For  the  values  given  the  computations  are  as  follows: 

To  determine  sH  and  Ht,    Use  the  law  of  sines  (see  Trigono- 
metric formulae,  page  843). 
sH  :st:  sin  20®  00' :  sin  25**  10' 

__      si  sin  20**  00'      1 10.5  X  a.34202       ^.  .  , 

SJti  =  — ; s i ~  00.07 

sm  25   10'  0.42525 

si  sin  5®  10'      1 10.5  X  0.09005  , 

Ml  =*  — 5 7-  «=  ' —  =  23.4 

sm  25   10  0.42525 

Therefore,  the  distance  from  s  to  the  PjC,  is  127.9'  —  88.9'  =* 
39.0'. 
The  distance  from  /  to  the  P.T,  is  127.9  ~*  23.4  »  104. <. 
Having  these  distances  the  P.C,  and  P,T,  are  located*    As- 
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sume  that  station  of  s  was  measured  along  the  tangent  AB  and 
found  to  be  station  22  +  53.7. 
The  station  of  the  P.C,  then  equals  22  +  14.7 
"         "       "    "   P.I.     "         "       23  4-  42.6 

u       uapT^     «         "       24  +  664,  using  the  length  of 
curve  figured  in  Case  i. 

The  deflections  are  figured  and  the  curve  run  as  in  Case  i, 
assuming  that  all  the  curve  points  are  visible  from  the  P.C. 

Case  3. — Where  the  P.T,    or  iniermediate   points   on   the  curve 
are  not  visible  from  the  P.C. 

(a)  Where  an  intermediaie  sei^p  is  required.     Use  the  same 
curve  as  in  Case  i. 

The  deflections  for  the  different  curve  points  were  figured  as 
follows : 

Deflections. — Instrument  at  P.C,  foresight  on  P.I. 

P.C*  Station  22  +  14.7     Deflection  p**  00' 

22  +  50  "  1°  46 

23  +  00  "  4°  16' 

23  +  so  "  6°  46'      . 
.24  +  00               "  9°  16' 

24  +  50  "  II®  46' 

'24  +  66.4  **  12**  35' 


FT  24^-66.4- 


Fig.  77. 


Set  up  the  instrument  at  the  P.C.  and  locate  the  points  22  +  50, 
^3  +  00  and  23  +  50;  suppose  24  +  00  is  not  visible,  set  up  at 
station  23  +  50,  set  the  vernier  at  o®  00'  and  back  sight  on  the 
P.C;  transit  the  telescope  and  finish  the  curve,  using  the  same 
deflections  as  figured  for  the  instrument  set  up  at  the  P.C;  that  is, 
turn  the  deflection  of  9®  16'  for  station  24  +  00,  11°  46'  for  24  + 
50,  and  12®  3 s'  for  the  P.T.  In  general  it  can  be  said  that  when- 
ever the  P.C  is  used  as  a  backsight  from  the  intermediate  set-up, 
set  the  vernier  at  0°  00'  when  sighting  on  the  P.C;  transit  the 
telescope  and  use  original  notes  for  the  balance  of  the  curve. 

(b)  Where  two  or  more  intermediate  set-ups  are  required. 

For  the  first  set-up,  say,  at  23  +  50,  proceed  as  above  and  set 
station  24  +  00;  suppose  24  +  50  is  not  visible  from  station 
2j  +  50;  set  up  at  station  24  +  00  and  with  the  vernier  reading 
6  46'  back  sight  on  station  23  +  50;  transit  the  telescope,  set  the 
vernier  to  read  11**  46'  for  station  24  +  50J  and  proceed,  using 
the  same  deflections  as  originally  figured.  In  general,  where 
the  P.C  is  not  visible  from  the  intermediate  set-up,  set  the 
vernier  to  read  the  deflection  figured  for  the  point  used  as  a 
backsight;  transit  the  telescope  and  proceed   with  the  curve, 
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usiiig~^the  notes  originally  figured.  That  is,  if  tlie  instrument 
is  set  up  at  station  24  +  00  and  22  +  50  used  as  a  backsight, 
the  vernier  is  set  at  i**  46',  and  using  the  lower  motion  the  wire 
is  set  on  station  22  +  50;  then  transiting  the  telescope  the  curve 
is  run  by  setting  the  vernier  at  11®  46'  for  station  24  +  50,  etc. 

If  station  23  +  00  is  used  as  a  backsight,  set  the  vernier  at 
4**  16'  when  sighting  the  machine;  then  transit  and  procec^l  as 
above. 

These  three  cases  cover  any  ordinary  road  curve  problems. 

(b)  NEW  LOCATION  SURVEYS 

GeneraL — ^The  details  of  survey  work  depend  entirely  on  the 
character  of  the  improvement  and  range  from  simple  alignment 
determination  on  Mesa  Wagon  trails  to  the  complete  surveys 
required  for  difficult  mountain  locations  which  are  to  be  constructed 
by  contract  on  unit  price  bids.  The  following  data  are  for  complete 
first-class  surveys.  The  same  methods  are  used  for  more  incom- 
plete survejrs  but  parts  of  the  procedure  can  often  be  omitted  if  the 
work  is  to  be  done  by  force  account  or  convict  labor. 

Organization  and  Equipment — Eight  to  ten  men  parties  are  a 
convenient  and  efficient  force. 

Locating  engineer 

Transitman 

Levelman 

3  Chainmen,  rodmen,  etc. 

1  to  3  Axemen. 
Cook 

If  drafting  is  to  be  done  in  the  field  add  a  draftsman  and  computer 
to  the  party^  but  this  is  not  advised  as  field  drafting  is  rarely 
satisfactory. 

Organization.    (First  stage  of  work . ) 

Locating  engineer {  ^JiKn."""^  ■""  '^""''' 

Transitman  1 

2  Chainmen  I Running  base  line. 

Necessary  axemen  r  •  •  *^**"  "*e  •'««*'  ""^• 

I  Stakeman 

T^,roir«o«  1  Running  bench  levels  and  check 

xvwAuxa  J  ^^j.j^  ^^g  ^p  ^  ^^^^^  jj^^  party. 

'    Organization.    (Second  stage  of  work.) 

Locating  Engineer  \  Drainage  areas.    Classification 

I  Assistant  / of  materials  and  topography. 

T^Su  } Cross^tions. 

"f^^U  } C«»s.-tion,. 
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Extra  men  moving  camp,  odd  jobs,  etc. 

The  first  stage  of  the  work  varies  in  speed  from  H  °uie  to  3  miles 
per  day  depending  on  the  character  of  the  comity.  Three-fourths 
mile  per  day  is  a  fair  average  for  ordinary  mountain  work. 

The  second  stage  should  make  a  speed  of  from  i  mile  to  2  miles  per 
day.    A  fair  average  is  about  i  J^  miles  per  day. 

Allowing  for  unavoidable  loss  of  time,  moving  camp,  etc.,  10 
miles  a  month  for  an  eight  man  party  is  a  fair  average  when  they  are 
doing  first  class  work. 

Cost  of  Survey. — The  cost  of  first  class  complete  mountain  road 
location  surve)^  runs  from  $75  to  $150  per^mile  exclusive  of  rail- 
road transportation  to  the  job,  allowing  $150  per  month  for  the 
locating  engineer,  $120  per  month  for  transitman;  $100  per  month 
for  leveler  and  $70  to  $90  for  laborers,  etc.  Meals  are  furnished 
free  to  the  men  at  an  average  cost  of  $0.75  per  man  per  day  ex- 
clusive of  labor  or  about  $1.00  to  $1.30  per  day  including  cooks 
salary. 

The  average  speed  for  a  party  of  8  men  is  approximately  10  miles 
per  month  of  completed  survey,  at  an- average  cost  of  $100  to  $120 
per  mile  exclusive  of  railroad  transportation.  In  easy  flat  country 
this  speed  can  be  easily  doubled  and  the  cost  halved. 


Depreciation  on  Engineering  Equipment  per  Mile  of  Survey 
Assumed  50  miles  of  survey  per  season 


Quan- 
tity 


Item 


« 

Annual 

Approx. 
Life, 

Deprecia- 

Value 

tion 

Years 

and 
Repairs 

Rental 

Charge 

per  Mile 

Survey 


I 
I 
I 
2 
3 
4 


2 

3 
6 

I 

4 

2 

I 
I 


Transit  (mountain)  tripod . 

Level  (dumpy  or  Y) 

Locke  level 

Abney  levels  @  1 16.50 .... 

lOO'  chains  @  I13.00 

Range  poles  (8'  wooden) 

@  la.as 

Level    rods,  ^  Philadelphia 

13'  extension 

Chain  repair  kits 

Metallic  tape  boxes,  I3.45 . 

Metallic  fillers 

Set  sounding  bars  (i  J4"-i" 

and  fi"  tool  steel) 

Plumb  bobs 

Pocket  compasses 

Kodak  3-A i 

Engineer's  trunk 


Totals $650 .00 


I300 . 00 

150.00 

7.00 

33  00 

36.00 

9.00 

30.00 

20.00 

7.00 

6.00 

10.00 

4.00 

4.00 

24.00 

10.00 


JO 

10 
3 
5 
2 


I 

5 
I 
I 

10 

2 
3 

4 

I 


I40 .  00 

25   00 

2.50 

6.00 

18.00 

5.00 

30.00 
4.00 
7.00 
6.00 

1 .00 
2.00 
1.50 
6.00 
10.00 


$164.00 


I3.30 
<Sayl3.oo) 


*  Marking  crayon. 

•  Use  a  crayon  having  a  large  amount  of  oil  as  it  will  last  longer.     "Stay-  • 
On-All "  is  a  good  brand. 
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Camp  Draftliig  Equipment   (if  desired). — Camp  equipment  is 

listed  in  Ciiapter  XII. 

Methods.— -The  chief  of  party  should  precede  the  men  to  the 
worlc  and  go  over  the  entire  tine  as  outlined  in  the  preliminary 
investigation  report  picking  out  his  camp  sites  and  mailing  all 
necessary  arrangements  for  transportation  of  camp  equipment 
and  supplies.  He  should  also  mark  the  base  line  location  for  two 
or  three  miles  so  that  when  the  party  arrives  there  will  be  no  delay 
in  making  carap  and  starting  the  line  work.  * 

First  Stage  of  Survey.— 
(o)  Tracing  the  location. 
(b)  Running  base  line, 
(c).  Running  bench  levels  and  base  line  profile. 

(a)  LocBtine  Line. — This  work  is  done  by  the  locating  engineer 
who  considers  all  the  principles  of  grade,  alignment,  etc.,  discussed 
in  Part  I.  In  high  altitudes  he  pays  particular  attention  to  avoid- 
ing bad  snow  conditions  which  in  general  means  avoiding  north 
exposure  as  much  as  possible.  Very  often  he  can  be  helpied  in  this 
part  of  the  problem  by  making  a  snow  map  the  spring  preceding 


lEBEND. 

ArtaafSmiwApnJlil 

^  Ana  of  Snow  May  li^    I 

■^ArtaafSnawJuntl''     I 


NuTc— T1-L-.  map  'ihoiib  Ihit  jt  la  advisable  to  keep  on  the 
north  side  of  Buck  Creek  and  the  west  side  of  Wind  River  from 
the  standpoint  of  avoiding  snow.  It  also  shows  that  the  Pass  was 
open  by  June  ist. 
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the  survey.  This  is  done  by  sketching  in  the  areas  where  snow  lies  at 
different  dates,  say  April  ist,  May  ist,  Jube  ist.  When  furnished 
with  a  map  of  this  kind  he  avoids  the  areas  of  late  snow  where 
possible.  Lacking  a  definite  investigation  for  snow  conditions 
the  best  available  local  data  should  be  obtained  from  hunters,  etc. 

The  different  trial  lines  are  traced  with  an  Abney  level  in  open 
country  and  a  combination  of  Abney  level  and  aneroid  in  timbered 
country.  The  line  that  he  decides  to  adopt  is  marked  at  sufl&ciently 
close  intervals  either  by  blazing  trees  or  tall  stakes  with  flags  on  them 
so  that  the  base  line  party,  will  have  no  difficulty  in  following 
the  correct  location.  This  work  must  be  kept  far  enough  ahead 
of  the  base  line  party  so  that  there  is  no  danger  of  the  work  of 
the  main  party  becoming  worthless  by  the  line  getting  into«a  loca- 
tion which  has  to  be  abandoned  and  relocated. 

When  working  on  a  ruling  grade  the  line  should  be  traced  down 
hill  from  the  highest  point  on  the  route.  When  working  on  a  rul- 
ing grade  the  line  in  the  field  should  always  be  traced  at  a  less  rate 
of  grade  than  the  maximum  allowed.  That  is  if  the  maximum 
grade  is  set  at  7%  the  locator  should  trace  his  line  on  a  6}^  or  6% 
grade  in  order  to  give  the  designer  a  little  leeway  for  economical 
variations  from  the  field  grade  and  yet  keep  within  the  maximum 
rate.  When  working  on  portions  of  the  route  requiring  less  than 
the  ruling  grade  it  makes  no  difference  in  which  direction  the  line  is 
traced  so  long  as  the  base  line  is  run  in  one  direction  with  con- 
tinuous stationing. 

(b)  Base  Line. — ^The  base  line  follows  the  marked  route  of  the 
location.  It  is  a  chained,  transit  line  marked  on  the  ground  by 
stakes  at  least  every  100  feet  well  driven  and  marked  with  crayon 
(Stay  on  All)  with  the  station  or  plus  of  each  stake.  Stakes  are 
placed  at  each  point  on  the  line  where  a  profile  shot  or  cross-section 
will  be  required  and  should  be  well  made  and  well  driven  so  that 
they  will  remain  in  place  at  least  three  years.  The  transit  points 
(angle  points)  are  marked  with  well  driven  hubs  with  tack  center- 
ing; every  third  or  fourth  transit  point  should  be  permanently 
^  and  carefully  referenced  by  both  azimuth  and  distance  (see 
sample  notes).  The  angles  in  the  line  are  determined  by  transit 
readings  and  the  bearings  of  the  courses  are  recorded  by  azimuth 
using  true  north  as  the  zero  azimuth.  The  use  of  true  north  as  the 
reference  line  in  these  surveys  is  desirable  on  account  of  permitting 
a  check  on  the  accuracy  of  the  transit  work  at  any  time;  on  account 
of  retracing  a  lost  line  and  on  account  of  right-of-way  descriptions 
in  localities  laid  out  on  the  U.  S.  Land  system.  The  methods  of 
determining  true  meridian  by  polaris  and  solar  observations  are 
explained j  pages  395  to  415.  In  fairly  flat  or  rolling  topography 
the  base  line  should  follow  the  center  line  of  the  proposed  improve- 
ment exactly  and  all  curves  at  tangent  intersections  should  be  run 
in  the  field.  It  has  been  found  from  experience  that  for  the  topo- 
graphic conditions  mentioned  that  the  field  men  can  pick  the  best 
location  in  easy  country  and  also  that  where  the  center  line  is  actu- 
ally run  and  staked  that  it  simplifies  the  work  of  cross-sectioning, 
the*office  design  and  the  staking  for  construction. 
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center  line  which  will  be  economica]  in  design  and  that  under 
these  conditions  it  is  a  waste  of  time  and  money  to  run  in  curves. 
Under  these  conditions  the  base  line  is  run  as  a  series  of  tangents 
keeping  as  close  to  the  probable  center  line  as  possible  and  using 
short  tangents  in  going  around  any  natural  featuies  that  will  re- 
quire a  sharp  curve  in  the  finished  road.  Later  when  tlie  cross- 
sections  are  taken  they  must  be  extended  far  enough  from  the  Ibe 
to  allow  the  designer  to  shift  the  center  line  from  the  base  Une  as 
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far  as  he  desires  as  well  as  varying  hia  vertical  grade  from  the  field 
grade.  This  requires  considerable  extra  work  in  cross-sectioning 
as  will  be  taken  up  later  but  is  well  worth  while,  as  in  difficult 
country  a  paper  location  is  always  more  economical  to  construct 
than  a  field  location. 

Bench  Levels. — Ordinary  engineers  ^irit  level  work  reading 
turning  points  to  nearest  o.oi  of  a  foot.  Benches  figured  to  nearest 
O.OI  ft.  m  elevation  (see  sample  notes.     Figure  3i). 

Permanent  benches  should  be  establish^  at  least  every  W  mile 
and  preferably  at  ^  mile  intervals.  The  datum  for  ue  levels 
should  be  referred  to  IT.  S.  Geological  Survey  datum  if  poedble 
or  lacking  this  reference  a  datum  can  be  assumed  but  in  any  case 
the  method  of  arriving  at  the  elevation  of  the  initial  bench  matfc 
(CofUimttA  page  jgo) 
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Staking  Curves  by  Tangent  Offset 
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Distance  in  feet  measured  along  tire  curve  from  tlie  P.C.orP.T. 

B^G.  8i. 

enough  points  so  that  the  line  of  the  tangent  can  be  readily  lo- 
cated by  eye.     From  tbe  newly  located  P.  I.  turn  off  the  desired 
deflection  atigle.     Determine  the  degree  of  curve  necessary  to 
fit  the  conditions  from  tie  eitemal  and  tangent  length  and  take 
from  table  the  tangent  and  length  of  curve,  and  record  the  station 
of  the  P.C.  and  P.T.     Make  the  curve  correction  for  difference  in 
length  of  the  sum  of  the  tangents  and  distance  on  the  curve  at 
the  P.I.,  and  start  measurements  along  next  tangent,  leaving 
temporary  markers  up  to  the  P.T.  of  the  curve.     To  lay  out 
curve,  start  at  the  station  or  plus  station  near  the  P.C.  and 
measure  along  the  curve,  using  standard  chord  lengths,  and 
using  the  offsets  from  tangent  as  read  from  chart,  which  increases 
as  the  distance  from  the  P.C.  or  P.T.  increases. 

To  be  useful  a  chart  of  this  kind  should  be  drawn  to  a  lareer 
scale  than  we  can  reproduce  in  a  handbook  of  this  size  and  tbis 

actual  use.     In  the  same  manner  a  chart  can  be  prepared  for  short 
radii  curves  from  40'  radius  to  150'  radius  that  is  very  useful  in 
mountain  road  location. 
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should  be  tully  explained  in  the  notes.     The  computations  of  level 
notes  should  be  made  in  the  field  and  checked  each  night. 

F^ffle  Levels. — These  levels  also  act  as  a  check  on  the  bench 
levels  and  therefore  require  an  independent  line  preferably  run  in 
the  opposite  direction.  The  turns  are  read  to  the  nearest  o.oi 
foot  and  the  profile  ground  elevations  of  the  base  line  to  the  nearest 
o.i  foot.  In  case  there  is  no  radical  difference  in  the  two  lines  of 
leveb  (Bench  and  Profile)  the  profile  levels  are  corrected  to  agree 
with  the  bench  levels  at  each  bench  and  carried  ahead  on  the  bench 
elevations.  This  is  done  so  that  there  will  be  no  cumulative  differ- 
ence in  the  levels.     An  error  of  o.i  foot  in  running  between  benches 
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is  allowable  (see  Plgure  8i  for  sample  profile  level  notes).    Level 
computations  should  be  figured  and  cnecked  each  night  and  a  pendl 
profile  plotted  for  the  convenience  of  the  locator. 
Second  Stage  of  Woric 

(a)  Cross-sections. 

(i)  Topography. 

{c)  Drainage. 

id)  Classification  of  materials. 

(«)  Field  drafting. 
(a)  Cross-sections. — Cross-sections    are    the    most    important 
part  of  the  detail  work  on  survey.     The  tendency  ia  to  slight  this 

Krt  of  the  wort  as  it  is  tedious  and  uninteresting.     The  author 
S  seen  so  murh  trnnhl  ...         ^        .     .         .        . 

inadequate 
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importance  of  taking  wide  enough  sections  particularly  wjiere  a 
paper  location  b  contemplated. 

In  level  country  where  center  lioe  is  exactly  run  30  feet  each 
side  of  the  center  line  is  enough. 

In  hilly  country  on  side  slopes  averaging  »s°  where  the  center  line 
is  exactly  located  60  feet  each  side  of  the  line  ia  enough. 

Where  the  center  line  Is  not  exactly  located  the  en^neer  must 
use  his  judgment  but  as  a  rule  it  is  not  safe  to  use  less  than  too 
feet  each  side  of  the  iine. 

For  switchback  turns  or  where  a  large  variation  from  the  survey 
base  line  is  probable  a  careful  stadia  survey  is  desirable. 


Pig.  82. 

In  fiat  country  cross-sections  are  taken  with  the  en^neers  level, 
rod  and  metallic  tape  in  a  similar  way  to  the  methods  described 
in  the  first  of  this  chapter  foe  high  class  improvements. 

In  rough  country  they  are  generally  taken  witi  a  hand  level, 
rod  and  tape  and  each  section  is  referred  to  the  profile  ground 
elevation  of  the  base  line  (see  sample  notes.  Figure  83).  The  abso- 
lute elevation  of  each  point  is  figured  from  the  base  line  ground 
elevation.  This  is  important  as  while  it  entails  more  field  com- 
putation they  can  be  done  at  night,  and  by  the  use  of  the  ab- 
solute elevations  the  office  and  design  work  is  made  simpler, 
cheaper  and  more  accurate.  Experience  has  demonstrated  that 
the  method  of  absolute  elevations  for  cross-sections  is  much  superior 
and  cheaper  in  the  end  than  relative  elevations. 
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Crosft'^ectitMis  are  takeo  at  all  bleaks  in  the  profile  and  in  uniform 
topography  at  least  every  loo  feet  and  preferably  at  shorter 
intervals. 

Sfiecial  cross-sections  are  taken  for  all  drainage  crossings  and 
show  the  skew  angle  of  the  proposed  structure  {see  Figure  83). 

Cross-section  notes  should  be  computed  and  checked  each  night. 

(i)  Topograpl^.— Taken  in  the  same  manner  as  previously 
described  (see  sample  notes,  Figure  84). 

(c)  Dramoge.-^Field  drainage  notes  on  new  locations  must  be 
detailed  and  specific  as  the  recommendations  determine  the  office 
design  absolutely;  there  is  no  possibility  oE  the  designer  checking 
the  conduaons. 


Such  notes  should  be  made  pers  lly  by  th  h  f  pa  ty  d 
should  indicate  exactly  where  h     w  th      ul      t         bridges 

placed  and   the  size  of  opening     f  th      tru  t  H       se     th 

principles  discussed  in  the  chapt  dram  g         d  d  t    mm 

the  size  of  waterway  either  from  th   phy   cal       d  fhighwt 

or  from  the  area  of  the  drainag    b  A    as  be  ru         t  by 

paced,  hand  compass  traverses   d  t    roim  g  th    divid    Imes  with 
a  hand  level  or  can  be  plotted  di      tly  m  th    fi  Id  mall  9 

or  is"  plane  table. 

The  type  of  structure  as  log,  corrugated  pipe,  concrete  box,  etc., 
should  be  stipulated  for  each  structure,  as  the  field  maD  is  the  only 
one  who  can  decide  on  the  best  type,  considering  the  local  materials 
that  are  available. 
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{d)  Classification  of  Material. — The  classification  of  material 
has  a  marked  effect  on  office  design  and  should  be  handled  by  the 
chief.  The  expenditure  of  considerable  time  and  money  is  justified  • 
in  determining  the  sub-surface  conditions  within  the  probable 
limits  of  proposed  excavation  where  there  is  reason  to  believe  that 
solid  rock  will  be  encountered.  This  is  done  by  bar  soundings  and 
test  pits.  Where  the  soil  contains  a  large  percentage  of  boulders 
bar  soundings  are  of  little  value.  As  a  rule  it  is  impracticable  to 
determine  more  than  a  general  classification  for  the  largest  part  of 
the  distance  unless  rock  outcrops  show  on  the  surface. 

(e)  Field  Drafting. — The  field  drafting  should  be  confined  to 
special  problems  desired  by  the  chief  and  should  only  be  done 
where  there  is  doubt  as  to  whether  sufficient  field  data  has  been 
obtained  for  the  office  design. 

Complete  design  in  the  field  is  costly  and  is  rarely  as  satisfactory 
as  office  design.     Camp  is  no  place  for  careful  design. 

Location  Survey  Reports. — A  report  should  be  worked  up  as  the 
survey  progresses.  The  object  of  this  part  of  the  record  is  to  make 
it  possible  for  a  man  not  personally  familiar  with  the  ground  to 
make  a  reasonable  design.  It  should  include  all  information  of  a 
general  or  special  nature  not  shown  in  the  survey  notes  such  as: 

1.  A  description  of  the  general  topography. 

2.  A  description  of  alfemate  locations  and  the  reasons  in  detail 
for  the  selection  of  the  route  surveyed. 

3.  A  statement  of  the  portions  of  the  line  where  the  survey 
alignment  should  be  rigidly  adhered  to  and  an  undulating  ^rade 
used. 

4.  A  statement  of  the  portions  of  the  line  where  the  alignment 
can  be  shifted  to  fit  a  grade  contour  and  a  ruling  grade  adhered  to. 

5.  The  portions  of  the  line  where  both  line  and  grade  can  be 
varied  in  the  final  design. 

6.  Snow  conditions  and  how  bad  exposure  is  avoided  or  why 
it  can  not  be  avoided. 

7.  Special  designs  to  fit  unusual  conditions. 

8.  Special  designs  utilizing  supplies  of  nearby  local  materials. 

9.  Photographs  to  illustrate  special  features  or  to  give  a  general 
idea  of  conditions. 

Determination  of  True  North. — The  simplest  m^od  of  deter- 
mining the  true  meridian  is  by  observation  on  Polaris  at  elongation. 
For  all  practical  purposes  fairly  close  results  can  be  obtained  by 
observation  on  Polaris  or  the  Sun  at  any  time.  The  following 
tables  and  explanation  of  simple  methods  are  quoted  or  briefed 
from  the  Manual  of  the  United  States  Geodetic  Survey  on  Mag- 
netism and  the  determination  of  the  true  meridian,  and  the  Metro 
Manual  of  the  Bausch  &  Lomb  Optical  Co. 

Meridian  by  Polaris  at  Elongation.^For  all  practical  road 
survey  purposes  a  determination  of  the  meridian  to  the  nearest 
minute  of  angle  is  sufficiently  dose.  For  one-half  hour  before 
elongation  to  a  half  hour  after  elongation  the  azimuth  of  Polaris 
does  not  vary  over  30  seconds  of  angle  which  gives  plenty  of  time 
for  check  determinations  and  the  element  of  exact  standard  time 
is  of  little  importance. 
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The  following  instructions  for  determining  meridian  a\  elongation 
by  transit  observation  and  by  plumb  line  and  peep  sight  are  quoted 
from  the  U.  S.  Geodetic  Manual. 


SIMPLB  METHODS  FOR  DETERMINING  THE  TRUE 
MERIDIAN  BY  OBSERVATIONS  ON  POLARIS' 

(U.  S.  Geodetic  Manual) 

• 

I.  To  Determine  the  True  Meridian  by  Observation  on 
P0X.ARIS  AT  Elongation  with  a  Surveyor's  Transit 

(Be  sure  transit  is  in  good  adjustment) 

"  I.  Set  a  stone,  or  drive  a  wooden  plug,  firmly  in  the  ground 
and  upon  the  top  thereof  make  a  small  distinct  mark. 

"  i.  About  thirty  minutes  before  the  time  of  the  eastern  or  western 
elongation  of  Polaris,  as  giv-en  by  the  tables  of  elongation,  No.  33, 
set  up  the  transit  firmly,  with  its  vertical  axis  exactly  over  the 
m^irk,  and  carefully  level  the  instrument. 

"3.  Illuminate  the  cross  hairs  by  the  light  from  a  bulPs-eye 
lantern  or  other  "sotttce,  the  rays  being  directed  into  the  object 
end  of  the  telescope  by  an  assistant.  Great  care  should  be  taken 
to  see  that  the  Hne  of  collimation  describes  a  truly  vertical  plane. 

"4.  Place  the  vertical  hair  upon  the  star,  which,  if  it  has  not 
rM^he<(i.,its  elongation,  will  move  to  the  right  for  eastern  and  to  the 
left  for  western  elongation. 

"5.  As  the  star  moves  toward  elongation,  keep  it  continually 
covered  ,by  the  vertical  hair  by  means  of  the  tangent  screw  of  the 
vernier  plate,  until  a  point  is  reached  where  it  will  appear  to  remain 
on  the  hair  for  some  time  and  then  leave  it  in  a  direction  contrary 
to  its  former  motion,  thus  indicating  the  point  of  elongation. 

"  6.  At  the  instant  the  star  appears  to  thread  the  vertical  hair, 
depress  the  telescope  to  a  horizontal  position;  about  100  yards 
north  of  the  place  of  observation  drive  a  wooden  plug,  upon  which 
by  a  strongly. illuminated  pencil  or  other  slender  object,  exactly 
coincident  witt  the  vertical  hair,  mark  a  point  in  the  line  of  sight 
thus  determined;  then  quickly  revolve  the  yernier  plate  180°, 
again  place  the  vertical  hair  uppn  the  star,  and,  as  before,  mark 
a  point  in  the  new  direction;  then  the  middle  point  between  the  two 
marks,  with  the  point  under  the  instrument,  will  define  on  the 
ground  the  trace  of  the  vertical  plane  through  Polaris  at  its  eastern 
or  western  elongation,  as  the  case  may  be. 

"  7.  By  daylight  lay  off  to  the  east  or  west,  as  the  case  may  re- 
quire, the  proper ;azimuth. taken  from  the  Table  34;  the  instrument 
will  then  denne  the  true  meridiauy  which  may  be  permanently 
marked  by  monuments  for  future  reference." 

-^.   •  ......       V  .,..•:■ 

iln  ,the  prep,aTation  of  this  article  use  has  been  made  of  the  United  States 
Land  Cnfice  MAnuat  of  Instructions,  Washiiigton,  1896. 
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Table  33.~Local  Mean  (Astronomical)  Time  of  the  Culmi- 
nations AND  Elongations  07  Polaris  in  the  Year  191 5 

(Computed  for  latitude  40"  north  and  longitude  90*  or  6*  west  of 

Greenwich) 


Date 


191S 


East 
Elongation 


Hr. 


Min. 


Upper  Cul- 
mination 


Ht. 


Min. 


West 
Elongation 


Hr. 


Min. 


Lower  Cul- 
mination 


Hr. 


Min. 


January  i . .  ^ . 

January  15. .. 
February  i . . , 
February  15. 

March  i 

March  15.  •  •• 
April  I 

April  IS 

May  I 

May  15 

June  1 

June  15 

July  I 

July  IS 

August  I 

Aupist  IS-  •  • 
September  i . 
September  is 
(October  i 

October  IS-.  • 
November  1. 
November  15 
December  i . . 
December  is- 


23 

32 
21 
20 

19 

18 

17 
16 

IS 

14 
13 

12 

12 
10 

9 
8 

7 
6 

6 

4 
3 
2 

a 


51.7 


52.5 
45-3 
SO.  I 

S4» 
59-6 

52.7 

S7.7 
S4-8 
S9-9 
S3 -3 
S^S 
SS9 
01. 1 

S4S 

S9.8 

53.2 

S8  3 

SS'S 

00 

53 

S8 

S5 

00 


5 

4 
3 

2 
I 
O 


23 
22 

21 
20 

19 
18 

17 
16 

15 
14 
13 
12 

II 
10 

9 
8 

7 


46.9 

51.6 

445 
49-2 
54.0 

si.s 
HA 


52.9 

SCO 

55. 1 

48.5 
S3. 7 
51. 1 


56 
49 
55 
48 
53 
5d 


3 

7 
o 

4 
5 
7 


SS.8 

48.9 
53.8 
50  8 
55.6 


12 

II 
10 

9 

8 

I 

5 
4 
3 

2 
I 
O 


23 
22 
21 
20 

19 
18 

17 
16 

IS 
14 
13 


42.1 

46.8 

39.7 

44.4 
49.2 

54-0 
47.1 
52. o 

49.2 

54-2 
47.6 
52.8 

0.3 


A 


51.5 

44*9 
50.2 

43.6 

48.7 

45.9 

51.0 

44.1 
40. o 
46.0 
50.8 


18 

17 
16 

IS 
14 
13 

13 

II 

10 

9 

8 

I 

S 

4 

3 

2. 

I 

O 


23 
33 
21 
20 
19 


44.9 
49.6 
42.5 
47.2 
52.0 
56.8 
49.9 

.<4.8 
52.0 
57. o 
SO. 4 
55.6 
53.0 

S8.3 
SI. 7 
S6.9 
SO. 3 

55-4 


i 


3. 


k 


53. 
46.9 

SI. 8 
48.8 
53.6 


A,  To  refer  the  above  tabular  quaniUies  to  years  other  than  191 5. 


For  year  19 10    add 

/add 

^92°  (add 

1921  add 

1922  add 

1923  add 

rn..  /  add 
'9^4 1  add 
1925  add 
19^6  add 
1927    add 


2 . 5  minutes 

4.0  up  to  March  i 

o.  I  on  and  after  March  i 

1.6 

4-5 

5 . 9  up  to  March  i 

2 .  o  on  and  after  March  i 

3-3 
4.6 

5  9 

V .  2  up  to  March  i 

3 . 3  on  and  after  March  i 


B.  To  refer  to  any  calender  day  other  than  the  first  and  fifteenth 
of  each  month  subtract  the  quantities  below  from  the  tabular  quanHty 
for  the   preceding   date. 
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Table  33.— Local  Mean  (Astronomical)  Time  of  the  Culmi- 
nations AND  Elongations  or  Polaris  in  the  Year  191 5 

(Computed  for  latitude  40*  north  and  longitude  00*  or  6*  west  of 

Greenwich) 


1 


Date 


191S 


East 
Elongation 


Hr. 


Min. 


Upper  Cul- 
mination 


Hr. 


Min. 


West 
Elongation 


Hr. 


Min. 


Lower  Cul- 
mination 


Hr. 


Min. 


January  x 

January  15. .. 
February  i . . , 
February  15. 

March  i 

March  15.  •  •• 
April  I 

April  IS 

May  I 

May  15 

June  I 

June  IS 

July  I 

July  IS 

August  I 

August  IS-  ■ . 
September  i. 
September  is 
October  i 

October  is... 
November  i . 
November  is 
December  i . . 
December  is< 


0 

„.^ 

6 
5 

46.9 
51.6 

13 
II 

43.x 
46.8 

16 
'I 

23 

53.5 

a2 

4S.3 

4 

44-5 

10 

39.7 

16 

21 

SO. I 

3 

49. a 

9 

44-4 

15 

30 

S4» 

2 

54. 0 

8 

49.  a 

14 

19 

59. 6 

I 

7 

54  0 

13 

18 
17 

S2.7 
-S7.7 

0 

JS^9 

6 
5 

47.1 
53.0 

13 
IX 

33 

S2.9 

16 

S4.8 

23 

50.0 

4 

49.  a 

10 

IS 

S9.9 

31 

55.1 

3 

54.  a 

9 

M 

53  3 

30 

4«S 

3  . 

47.6 

8 

13 

58. S 

19 

S3. 7 

I 

53.8 

7 

la 

■ 
12 

55.9 
OX. I 

18 
17 

51. 1 
56.3 

0 

50^ 

6 
5 

23 

51.5 

10 

54-5 

16 

49.7 

33 

44.9 

4 

9 

59. » 

IS 

55  0 

31 

50.3 

3 

8 

53  3 

14 

48.4 

30 

43  6 

3 

7 

S8  3 

13 

S3  -5 

19 

48.7 

I 

6 
6 

S5S 
00.6 

13 
II 

5^7 
55.8 

X8 
17 

45. 9 
5X.0 

0 

33 

4 

53.7 

10 

48.9 

16 

441 

33 

3 

58.6 

9 

53.8 

15 

49.0 

31 

2 

55. 6 

8 

SO. 8 

14 

46.0 

30 

a 

00.4 

7 

55.6 

13 

50.8 

19 

44.9 
49.6 
43. s 
47  a 
53.0 
56.8 
49-9 
.•!4-8 
53.0 
57-0 
SO. 4 
55. o 
53.0 

58.3 
SI. 7 
S6.9 
50.3 

55.4 
53. 


f 


53. 

46.9 

51.8 

48.8 

53.6 


■A,  To  refer  the  above  tabular  quantities  to  years  other  than  1915. 


For  year  19 19    add 

/add 

^9^°  (add 

1921  add 

1922  add 

1923  add 
/  add 

'^^nadd 
1925  add 
I9i6  add 
1927    add 


2 . 5  minutes 

4 .  o  up  to  March  i 

o.  I  on  and  after  March  i 

1.6 

4.5 

5 . 9  up  to  March  i 

2 .0  on  and  after  March  i 


3 
6 


1923  {  ^^^ 


add 


3 
4 

5  9 

7 . 2  up  to  March  i 

3 . 3  on  and  after  March  i 


B,  To  refer  to  any  calender  day  other  than  the  first  and  fifteenth 
of  each  month  subtract  the  quantities  below  from  the  tabular  quanHty 

for    the    PRECEDING    DATE. 
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Table  No.  34  was  computed  with  the  mean  declination  of 
Polaris  for  each  year.  A  more  accurate  result  will  be  had  bv 
applying  to  the  tabular  values  the  following  correction,  which 
depend  on  the  difference  of  the  mean  and  the  apparent  place  of  the 
star.    The  deduced  azimuth  will,  in  general,  be  correct  within  o'.3. 


For  Middle  of 

Correction 

For  Middle  of 

Correction 

January  

February 

March 

April 

Ma}^ 

June 

-0.5 
-0.4 
-0.3 
0.0 
+0.1 
+0.2 

July... 

August 

September 

October 

November 

December 

/ 

-I-0.2 
+0.1 
—O.I 

-0.4 
-0.6 
-0.8 

n. — To  Determine  the  Trite  Meridian  by  Observation  on 
Polaris  at  Elongation  with  a  Plumb  Line  and  Peep  Sight 

"  I.  Attach  the  plumb  line  to  a  support  situated  as  far  above  the 
ground  as  practicable,  such  as  the  limb  of  a  tree,  a  piece  of  board 
nailed  or  otherwise  fastened  to  a  telegraph  pole,  a  house,  bam,  or 
other  building  affording  a  clear  view  in  a  north  and  south  direction. 

"  The  plumb  bob  may  consist  of  any  weighty  material,  such  as  a 
brick,  or  a  piece  of  iron  or  stone,  weighing  4  to  5  pounds,  which 
will  hold  the  plumb  line  straight  and  vertical  fully  as  wdl  as  one  of 
turned  and  finished  metal. 

"  Strongly  illuminate  the  plumb  line  just  below  its  support  by  a 
lamp  or  candle,  care  being  taken  to  obscure  the  source  of  light 
from  the  view  of  the  observer  by  an  opac^^ue  screen. 

"  For  a  peep  sight,  cut  a  slot  about  one-sixteenth  of  an  inch  wide 
in  a  thin  piece  of  board,  or  nail  two  strips  of  tin,  with  straight 
edges,  to  a  square  block  of  wood,  so  arranged  that  they  will  stand 
vertical  when  the  block  is  placed  flat  on  its  base  upon  a  smooth 
horizontal  rest,  which  will  be  placed  at  a  convenient  height  south 
of  the  plumb  line  and  firmly  secured  in  an  east  and  west  direction, 
in  such  a  position  that  when  viewed  through  the  peep  sight  Polaris 
will  appear  about  a  foot  below  the  support  of  the  plumb  line. 

"  The  position  may  be  determined  by  trial  the  night  preceding 
that  set  for  the  observation. 

"  About  thirty  minutes  before  the  time  of  dongation,  as  given  in 
the  tables  of  elongation,  bring  the  peep  sight  into  the  same  line 
of  sight  with  the  plumb  line  and  Polaris. 

"  To  reach  elongation  the  star  will  move  off  the  plumb  line  to  the 
east  for  eastern  elongation,  or  to  the  west  for  western  elongation; 
therefore  by  moving  the  peep  sight  in  the  proper  direction,  east 
or  west,  as  the  case  may  be,  keep  the  star  on  the  plumb  line  until 
it  appears  to  remain  stationary,  thus  indicating  that  it  has  reached 
its  point  of  dongatiouc 


POLARIS  MERIDIAN  40I 

"  The  peep  sight  will  now  be  secured  in  place  by  a  damp  or  weight, 
and  all  further  operations  will  be  deferred  until  the  next  morning. 

**  By  daylight  place  a  slender  rod  at  a  distance  of  200  or  300 
feet  from  the  peep  sight  and  exactly  in  range  with  it  and  the 
plumb  line;  carefully  measure  this  distance. 

"iTake  from  the  Table  34  the  azimuth  o£  Polaris  corresponding 
to  the  latitude  of  the  station  and  year  of  observation;  find  the 
natural  tangent  of  said  azimuth  and  multiply  it  by  the  distance 
from  the  peep  sight  to  the  rod;  the  product  will  express  the  distance 
to  be  laid  off  from  the  rod  exactly  at  right  angles  to  the  direction 
already  determined  (to  the  west  for  eastern  elongation  or  to  the 
east  for  western  elongation)  to  a  point  which  with  the  peep  sight 
will  define  the  direction  of  the  true  tHeridian  with  a  fair  degree 

oi  accuracy," 

• 

To  Deteiucine  the  True  Meridian  by  Means  of  an  Obser- 
vation OP  Polaris  at  Any  Hour  when  the  Star  is  Visible, 
THE  Correct  Local  Mean  Time  Being  Known^ 

'^  This  method  requires  a  knowledge  of  the  local  mean  time  within 
one  or  two  minutes,  as  in  the  extreme  case  when  Polaris  is  at 
culmination  its  azimuth  changes  1'  (arc)  in  2}^  minutes  (time). 
The  Standard  time  can  usually  be  obtained  at  a  telegraph  office 
from  the  signals  which  are  sent  out  from  observatories.  From  this 
the  local  mean  time  may  be  derived  by  subtracting  four  minutes  of 
time  for  every  degree  of  longitude  west  of  the  Standard  meridian 
or  adding  four  minutes  for  every  degree  east  of  the  Standard  me- 
ridiaui  The  local  mean  time  may  be  obtained  also  by  observa- 
tions of  the  sum,  one  method  being  explained  later. 

*  *  The  following  table,  35,  is  intended  to  be  used  in  connection  with 
the  American  Ephemeris  and  Nautical  Almanac.  The  surveyor 
should  read  carefully  the  chapter  in  that  publication  in  which 
the  formation  and  use  of  the  Ephemeris  are  explained,  especially 
the  portion  defining  the  different  kinds  of  time. 

''•The  following  example  explains  the  use  of  the  table  and  the 
derivation  of  the  hour  angle  of  Polaris:" 

Position,  latitude  ad*'  20'  N.,  longitude  80**  of.s  or   s*    20"»   30*    W.  of 

Greenwich. 

h.     m.     s. 
Time  of  observation,  July  10, 1908,  standard  (75th  mer.) 

mean  time 8     52     40  p.  m. 

Reduction  to  local  time  (s**  01'  west  of  7Sth  mer.) —     20    30 

Local  mean  time 8  32  10 

Reduction  to  sidereal  time  (Table  III,  Amer.  Bphem.) . .  -f  01  24 

Sidereal  time  mean  noon,  Greenwich*  July  10,  1902. ...  7  12  02 
Correction  for  longitude  5*  so*  30*  (Table  III,  Amer* 

Ephem.) +  00  53 

Local  sidereal  time 15    46     29 

Apparent  right  ascension  of  Polaris,  July  xOt  1908 i     26    05 

Hour  angle  before  upper  culmination 9    39    36 

*  </,  Appendix  No.  10,  Coast  and  Geodetic  Survey  Report  for  1895. 
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o  t 

Declination  for  which  Table  35  applies 88     51 

Apparent  declination,  July  10,  1908 88     48.7 

Decrease  in  declination —       2.3 

Azimuth  from  Table  35  (interpolated) ...       0     48     39 
Correctionfor2'.3  decrease  in  declination.      +       i     37 

Computed  azimuth 0     50     16  East  of  north. 

'*  It  is  to  be  remembered  that  Polaris  is  east  of  the  meridian  for 
twelve  hours  before,  and  west  of  the  meridian  for  twelve  hours 
after,  upper  culmination. 

"Without  the  American  Ephemeris  the  table' may  be  conveniently 
used  for  obtaining  the  true  meridian,  in  connection  with  Table  33 
giving  the  approximate  mean  times  of  culminations  of  Polaris, 
and  the  additional  knowledge  of  the  fact  that  the  mean  declination 
of  Polaris  is  88^  51'.!  in  1915  and  increasing  at  the  rate  of  about 
o'.3  per  year.  Without  the  use  of  the  Ephemeris  the  computation 
would  be  as  follows: 

h.  m.  s. 
Time  of  observation,  July  zo,  1908  standard  (75th  mer.) 

mean  time 8  52  40  p.  m. 

Reduction  to  local  mean  time —  20  30 

Local  mean  time 8     32     10 

Local  mean  time  of  upper  culmination  of  Polaris  (Table 

33  and  A) 18     10     12 

Mean  time  of  observation  before  upper  culmination       9    38     02 
Reduction  to  sidereal  time -j-     01     35 

Hour  angle  before  upper  culmination 9    39    37 

o  t 

Declination  for  which  Table  35  applies ...      88     s  i .  o 
Mean  declination,  1908 88     490 

Decrease  in  declination —       3.0 

Azimuth  from  Table  3S o     48     40 

Correction  for  2'.o  decrease  in  declination .         +  i     34 

Computed  azimuth 0     50     04  East  of  north. 

Tables  are  generally  given  in  books  on  surveying  for  reducing 
mean  solar  to  sidereal  time,  but  for  this  computation  it  is  near 
enough  to  consider  the  correction  10*  an  hour,  as  the  stars  gain 
very  nearly  four  minutes  on  the  Sun  each  day."^ 

Solar  Meridian  by  Direct  Observation  with  an  Ordinary  Transit. — 
Where  the  method  of  Polaris  at  elongation  is  not  used,  Direct 
Solar  Observation  is  the  most  convenient  method  of  meridian 
determination  as  while  it  involves  more  computation  and  introduces 
more  chances  of  error  the  work  can  be  done  during  daylight  hours 
and  the  accuracy  that  can  be  attained  (within  01'  of  arc)  with 
the  usual  facilities  is  close  enough  for  all  practical  purposes  of 
ordinary  surveys. 

1  The  sidereal  correction  always  increases  the  hour  angle. 
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There  are  a  number  of  different  forms  of  the  fundamental 
formulae  governing  the  determination;  the  following  form  has 
found  considerable  favor: 

j^     ^  5in[5-(9o^-  alt.)lsin  [^-(qo^-  lat.)] 
-^  sin  S  sin  \S  -  (90°  -  dec.)  ] 

'  In  the  formula  A  is  the  angle  of  the  sun  from  the  true  north 
measured  to  the  right  in  the  morning  and  to  the  left  in  the  afternoon. 

5  is  one-half  the  sum  of  (90°  —  the  observed  altitude  of  the  sun 
corrected  for  refraction)  plus  (90**  —  the  latitude  of  the  point  of 
observation)  plus  (90°  —  the  declination  of  the  sun  at  the  time 
of  observation). 

Note. — Notice  carefully  the  sign  of  the  declination.  A  south 
declination  is  a  —  declination  wmch  would  make  the  expression 
(90**  —  (  —  south  declination))  «=  90®  +  south  declination. 

A  solar  ephemeris  from  which  the  sun's  declination  is  found 
is  necessary  for  the  computations.  All  instrument  makers  publish 
small  pocket  editions  each  year  which  can  be  obtained  from  them 
for  ten  cents. 

An  ordinary  well  regulated  watch  set  for  standard  time  at 
the  nearest  telegraph  office  serves  for  the  time  determination  on 
which  the  sun's  declination  depends  and  any  good  transit  with 
vertical  circle  can  be  used  for  observing  the  horizontal  angle  and 
altitude  of  the  sun  but  observers  are  cautioned  that  it  must  be 
in  good  adjustment  and  the  observer  must  work  with  reasonable 
care. 

If  standard  time  is  not  available  mean  local  time  can  be  determined 
by  observation  as  explained  later  on  page  413. 

The  latitude  of  the  point  of  observation  can  generally  be  deter- 
mined closely  enough  from  U.  S.  Geological  Survey  Maps  or 
Land  Office  Maps  and  if  these  are  not  avaiUble  can  be  determined 
by  observation  as  explained  on  page  413. 

Longitude  for  standard  time  correction  can  be  taken  from  any 
good  map.  If  these  are  not  available  determine  local  mean  time 
by  observation. 

'Considering  all  the  different  sources  of  error,  time,  latitude  and 
observed  altitude  the  best  time  of  day  to  make  the  observation 
is  between  9.00  and  10.00  A.  M.  and  between  2.00  and  3.00  P.  M. 

{CotUinued  page  412.) 
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The  following  table  gives  the  correction  for  observed  altitude 
due  to  atmospheric  refraction.  This  correction  is  always  minus 
as  the  sun  always  appears  to  be  higher  than  it  actually  is. 

A  Table  of  Mean  Refractions  Due  to  Altitude 

Bar.  30  in.,  Ther.  5o°F. 


App. 

Alt. 

Ref. 

^• 

Ref. 

App. 

Alt. 

Ref. 

is?.- 

Ref. 

1: 

8'  n" 

7'  20" 
6'  30" 

s'  49" 

12" 

»< 
16° 

18" 

5'  16" 

3'  47" 
3'  19" 
2'  S6" 

20^ 
< 

40° 

2'  37" 
2'  03" 
i'  40" 
i'  22" 
I' 09" 

5°: 
60^ 

80° 
90- 

0'  48'^ 
0'  33" 
0'  21" 
0'  10" 
0'    0" 

[" 


A  Table  of  SEia-DiAiCETEKs  of  the  Sun 

Jan.  I,  i6'i8"  Apr.  i,  i6'o2"  July  i,  is'46"  Oct.  i,  i6'oi' 
Feb.  I,  i6'i6"  May  i,  is's4"  Aug.  i,  is'48"  Nov.  i,  i6'o9' 
Mar.  I,  i6'io"    June  i,  i5'48"    Sept.  i,  is'S3"    Dec.  i,  i6'is' 

Effect  of  Eirars  In  Latitude  and  Declination  on  Meridian 
Determination. — It  is  well  to  bear  in  mind  the  effect  of  wrong 
latitude,  or  time  (which  affects  the  declination),  on  your  meridian 
computations. 

The  following  table  prepared  by  Professor  J.  B.  Johnson  of  Wash- 
ington University,  St.  Louis,  Mo.,  reprinted  in  the  Metro  Manual  of 
the  Bausch  &  Lomb  Optical  Co.  shows  the  effect  of  error  in  lati- 
tude and  dedination  for  different  latitudes  and  different  hours  in  the 
day. 

Errors  in  Azdcuth  (by  Solar  Observation)  for  i  Minute 
Errors  in  Declination  and  Latitude. 


Hour 

For  I  Min.  Enor  in 
Declination 

For  X  Min.  Brror  in 
Latitude 

Lat. 
30° 

Lat. 
400 

Lat. 
S0« 

Lat. 
600 

Lat. 
300 

Lat. 
40'* 

Lat. 
so- 

Lat. 

ao" 

11.30  A.  M.  \ 

12.30  P.  M.  1 

11.00  A.  M.  \ 

1. 00  P.  M.  / 

10.00  A.  M.  \ 

2.0a P.  M.  / 

9.00  A.  M.  \ 

3.00  P.  M. 

8.00  A.  M.  \ 

4.00  P.  M.  / 

7.00  A.  M.  \ 

S .  00  P.  M.  / 

6.00  A.  M.  \ 

6.00  P.  M.  / 

Min. 
8.85 

4.46 

2.31 

1.63 

1.33 

1.20 

I.  IS 

Min. 
10.00 

S.04 

2.61 

1. 8s 

1. 51 

I.3S 

1. 31 

Min. 
11.92 

6.01 

3. IX 

2.20 

I. So 

1. 61 

1.56 

Min. 
14.07 

7.68 

4.00 

2.83 

2.31 

2.07 

2.00 

Min. 
8.87 

4.31 
2.00 

1. 15 
0.67 
0.31 
0.00 

Min. 
9.93 

4.87 

2.26 
X.3I 
0.7s 
0.3s 

0.00 

Min. 
IX.  82 

5.81 

2.69 
1.56 
0.90 
0.42 
0.00 

Min. 
13.56 

6.37 
3.46 
2.00 
1. 15 

O.S4 
0.00 
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Stated  simply  this  means  that  if  the  observations  are  taken 
between  9  and  10  o'clock  as  recommended  that  for  the  most 
unfavorable  conditions  of  fast  changing  declination  an  error  of 
time  of  15  minutes  will  result  in  an  error  of  01'  of  arc  on  the 
meridian  computations. 

It  is  well  to  check  the  latitude  by  observation  unless  your  loca- 
tion is  well  fixed  on  a  very  reliable  map.  A  simple  method  of  lati- 
tude determination  is  quoted  from  the  Metro  Manual  of  the  Bausch 
&  Lomb  Optical  Co. 

LATITUDE  DETERMINATIONS 

**  Latitude  may  be  variously  determined  by  observing  the  transit 
of  a  star^  by  a  mean  altitude  of  polaris  or  by  a  direct  observation  on 
the  altitude  of  the  sun  at  apparent  noon. 

^  Owing  to  the  earth's  annual  motion  in  its  orbit,  the  sun  changes 
his  position  along  the  ecliptic  with  respect  to  the  stars  at  a  not  al* 
together  uniform  rate;  so  that  some  solar  days  are  either  longer  or 
Sorter  than  others. 

**  For  the  reason  that  a  chroncuneter  could  not  conveniently  be 
made  to  change  its  speed  to  suit  this  solar  phenomenon,  there  has 
been  established  a  uniform  system  of  time  called  ''mean  solar  time." 
The  difference  between  mean  noon,  when  the  sun  should  be  on  the 
meridian,  and  apparent  noon  when  the  sun  actually  is  on  the 
meridian,  is  called  the  "Equation  of  Time." 
The  tabular  corrections  will  be  found  in  the 
Ephemeris  Tables. 

'*Thus,  in  early  November  the  sun  has  passed 
the  meridian  more  than  16  min.  before  mean  noon. 
It  is  alwajrs  well  to  begin  latitude  observations 
some  20  min.  before  local  noon,  although  there 
will  be  seasons  of  the  ^ear  when  the  sun  will  not 
attain  its  greatest  altitude  until  after  local  noon.' 

'*  Standard  time  will  also  qualify  the  argument,  but  this  should 
be  studied  out  by  reference  to  the  map  on  page  396.  In  Western 
.Texas,  for  instance,  observations  need  not  begin  until  nearly  i 
o'clock  standard  time;  whereas  in  Erie,  Pa.,  they  should  begin 
shortly  after  11. 

"  Procedure. — Follow  up  the  lower  limb  of  the  sun,  and  when 
the  maximum  altitude  is  found  add  the  sun's  semi-diameter,  as 
given  on  page  412,  to  the  reading  on  the  vertical  circle;  subtract 
correction  for  atmospheric  refraction,  as  figured  by  interpolation 
from  the  table,  page  412,  and  coirect  this  result  by  the  sun's  de- 
clination: adding  }f  south  and  subtracting  if  north.  The  final  re- 
sult is  the  co-latitude  or  the  polar  distance  (90°  —  latitude).'* 

To  find  the  latitude  subtract  the  co-latitude  from  90**,  *.«.,  latitude 
=  90°  —  co-latitude. 

lime. — ^In  case  telegraphic  standard  time  is  not  available  de- 
termine the  meridian  by  polaris  at  elongation  and  then  the  mean  lo- 
cal time  can  be  obtained  by  the  transit  of  polaris  across  the  meridian 
by  referring  to  Table  33,  page  396  or  by  the  apparent  sun  time 
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when  it  crosses  the  Meridian  at  noon  connected  to  Mean  time  as 
given  in  the  Ephemeris  referred  to  on  page  403  which  can  be  ob- 
tained from  any  instrument  maker. 

SOLAR  MERIDIAN  BY  DIRECT  OBSERVATION,  PRO- 
CEDURE AND  EXAMPLE  OF  COMPUTATION 

Procedure. — ^An  ordinary  transit  with  H  vertical  circle  in  good 
adjustment  will  give  satisfactory  results  although  it  is  convenient 
to  have  a  machine  with  a  full  vertical  circle  and  a  masked  pris- 
matic eyepiece  for  direct  observation. 

When  using  an  ordinary  transit  remove  the  cap  from  the  eyepiece 
and  then  by  focusing  the  eyepiece  and  objective  lenses  cprrectly 
a  sharp  well-defined  image  of  both  cross  wires  and  sun  can  be 
projected  onto  a  piece  of  white  paper  held  a  few  inches  back  of 
the  eyepiece.  The  vertical  and  horizontal  angles  to  the  sUn  can 
then  be  read  by  bringing  the  image  of  the  sun  tangent  to  the  image 
of  the  vertical  and  horizontal  wires  simultaneously  and  the  time 
recorded.  Two,  four  or  six  observations  are  made  as  rapidly  as 
possible  with  the  image  of  the  sun  alternately  in  opposite  quad- 
rants and  the  average  time,  average  vertical  angle  and  average  hori- 
zontal angle  used  in  the  computations. 


C 
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ObMrvo+idn  No.U      No.2.,  HoA,  Ho.4. 

Example, — Solar  meridian  observations  at  Lima,  Ohio,  Jan.  18, 
1918. 
Average  time  of  4  observations,  2.42  P.  M.  Central  Standard 
time. 

Average  horizontal  angle  (mark  to  sun) 132°  22'  00" 

Average  vertical  angle  to  sun 16°  37'  00" 

Longitude  of  Lima 84°  07'  00" 

Latitude  of  Lima 40*  45'  qo 


// 


Observed  altitude  of  sun 16*  37'  00" 

Refraction  correction —  3'  00" 

Corrected  altitude i 16®  34'  00" 

Latitude 4?°  4S'  00" 

Declination  at  time  of  observation S,    26®  34'  30" 

Declination  Computation. — Observed  standard  time  (central  ooth 
meridian)  2.42  P.  M.  Lima  is  5**  33'  east  of  the  90th  merioian. 
To  get  the  correct  local  mean  time  add  to  the  recorded  time  4 
minutes  for  each  degree  of  longitude  east  of  the  90th  meridian  or 
4  X  5.9"  =  23.6  minutes.    (Sav  24  minutes.) 

Correct  local  mean  time  of  observation  3.06  P,  M. 
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Take  from  the  Ephemeris  the  sun's  decluuition  at  Greenwich 
mean  noon  of  Jan.  iS,  191 8  »  S.  20^  38.9'. 

Lima  is  84°  07' west  of  Greenwich  or  its  mean  local  time  is  5 
hours  and  36  minutes  earlier.  That  is  the  local  mean  time  of 
Lima  it  Greenwich  mean  noon  is  6.24  A.  M.  and  the  sun's  declina- 
tion for  6.24  A.  M.  Lima  local  mean  time  is  S.  20°  38.9'. 

The  declination  is  decreasing  at  the  rate  of  30"  per  hour.  The 
time  of  observation  3.06  P.  M.  local  mean  time  is  8  hours  and 
43  minutes  later  than  6.24  A.  M.  and  the  declination  for  the  time  of 
observation  is  therefore: 

Declination  at  6.24  A.  M.  Lima  =  S.  20*^  38.9' 

8.7  hours  X  0.5'  (30"  hourly  change)  =     —     4.3^ 

Declination  at  time  of  observation  »  S.  20**  34.6' 

=  S.  20°  34'  36" 
Say  =  S.  20®  34'  30'' 

It  should  be  remembered  that  a  south  declination  is  a  minus 
declination.    Be  careful  of  your  signs  in  the  following  formula: 
Applying  the  formula 

^     _  sm  [S  -  (90^  -  alt.)]  sin  [S  -  (90^  -  lat.)] 
.        ran   ;>^A  -  ^.^  ^  ^^  ^^  _  ^^o  __  ^^^^j 

^  ^  (90"  -  i6->  34O  +  (90"  -  40"  45O  +  (90^  -  (  -  20°  3V  30")) 

2 

S  -  73°  ^6'  + 49°  X5' +  110' 34' 30"  .  „,,  ^^,  ^^,r 

2 

5  -  (90**  -  alt.)  =  43^*11' 45" 
S  -  (90°  -  lat.)  =  67**  22'  45" 
5  ^  (90°  -  dec.)  =    6°  03'  is" 

log  sin  43"  "' 45"  =  98353697 

log  sin  67°  22'  4s"  =  9  965  2348 

colog  sin  (180**  -  116°  37'  45")  63°  22'  is"  «  0.048  6988 

colog  sin  6°  03'  is"  «  0.976  8768 

log  tan*  J^i4  =  2  20.826  1 801 

log  tan   }4A  =  0.413  0900 

HA  =  68°  52'  45" 

A  =  137°  45'  30" 

As  the  observation  was  in  the  afternoon  the  angle  between  the 
sun  and  true  north  is  137**  45'  30"  to  the  west  of  north.  The 
azimuth  from  the  instrument  to  the  sun  is  therefore  360°  — 

137°  45'  30"  =  222°  14'  30". 

The  true  azimuth  from  the  instrument  to  the  mark  is  therefore 
222*  14'  30"  -  132**  22'  «  89°  52'  30". 

To  mark  the  true  meridian  on  the  ground  turn  off  an  angle 
of  89®  52'  30"  to  the  left  from  the  feference  mark  used  in  the 
observation. 
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The  Ross  Meridiograph* — If  much  meridian  work  is  being  done 
it  will  fpay  to  obtain  tiie  Ross  Meridiograph  ^  which  graphically 
solves  the  solar  meridian  to  the  nearest  minute.    It  is  quick  and 

simple  to  use  and  eliminates  the  one 
drawback  of  the  direct  observation 
namely,  the  extended'  computations. 

STADIA  MEASUREMENTS 

An  expert  instrumentman  with  a 
first-class  transit  can  get  more  accu- 
rate results  in  rough  country  provid- 
ing the  atmospheric  conditions  are 
steady  by  the  use  of  the  stadia  method 
of  measurement  than  by  the  ordinary 
chaining  of  the  average  survey  gang. 
The  author  has  for  a  number  of  years 
worked  under  a  restriction  of  a  closure 
of  less  than  5.0  feet  to  the  mile  which 
is  better  than  can  be  attained  by  ordi- 
circular  nary  chainmen  in  hard  topography, 
plumbing  level  for  stadia  The  method  is  quick  and  reliable  and 
rods.  is   to  be  preferred  in  open  country. 

Chaining  is  to  be  preferred  in  heavy 
cutting  or  where  curves  must  be  run  m. 

For  an  ordinary  tangent  preliminary  survey  the  stadia  method 
is  very  satisfactory.  To  get  good  results  however,  the  observer 
should  be  expert.  The  ordinary  garden  variety  of  instrumentmen 
can  not  use  stadia  successfully;  he  should  check  his  main  line  by 
both  back  and  foresight  readings.    He  must  keep  his  instrument 
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in  first-class  shap>e  and  must  use  a  rod  with  a  fairly  broad  face 
with  clear  distinctive  markings;  this  rod  must  be  held  steady  and 
vertical  which  can  be  accomplished  by  the  use  of  a  small  universal 
circular  level  attached  to  the  rod,  and  steadiness  can  be  secured 
%y  a  short  hand  rod  (about  4'  long)  that  the  rodman  uses  as  a 
shifting  brace. 

The  transit  must  be  steady,  must  have  a  first-class  lense  and 
must  be  equipped  with  fixed  stadia  wires.    Adjustable  stadia 
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wires  are  worthless  if  good  work  is  required.  Distances  between 
hubs  should  as  a  rule  not  exceed  500  to  600  feet  for  close  line  meas- 
urements but  side  slots  can  be  taken  up  to  1500  feet. 

The  essential  elements  of  the  theory  of  stadia  measurement  are 
briefly  .as  follows: 

The  measurement  depends  on  the  optical  angle  of  the  stadia 
wires.  This  angle  is  governed  by  the  distance  apart  of  the  stadia 
wires.  The  rod  intervals  A  and  A'  subtended  between  the 
stadia  wires  are  directly  proportional  to  the  distances  h  and  V 
from  the  apex  of  the  optical  angle.  The  apex  of  this  optical  angle 
is  always  a  certain  fixed  distance  in  front  of  the  instrument  and  is 
different  for  different  makes  of  transit.  Call  this  distance  C  which 
can  be  determined  as  later  explained  by  test  or  is  generally  noted 
in  instructions  furnished  by  the  instrument  maker.  The  actual 
rod  interval  as  read  by  the  observer  is  therefore  proportional  to 
the  distance  from  a  point  ahead  of  the  instrument  and  not  from  the 
center  of  the  transit.  For  close  work  this  distance  C  must  be 
known  and  also  the  rod  interval  per  100  feet  of  distance  beyond  the 
apex  of  the  optical  angle.    The  rod  interval  per  100'  of  distance 

* 
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is  desirably  i.o'  but  unless  unusual  care  is  exercised  in  setting  the 
•vires  it  is  rarely  exactly  this  value.  To  determine  the  actual 
value  of  this  interval  proceed  as  follows: 

Case  I. — ^Where  the  value  of  C  is  known. 

(Note.— -C  generally  ranges  between  0.75'  and  1.25'.) 

Pick  out  a  level  line  about  800  to  1000'  long.  Drive  a  transit 
hub;  place  a  foresight  picket.  Measure  from  the  transit  hub 
toward  the  foresight  the  distance  C  which  we  will  assume  in  this 
case  to  be  1.35'  and  drive  a  hub.  This  hub  represents  on  the  ground 
the  apex  of  the  optical  angle.  From  this  hub  measure  carefully 
with  a  steel  chain  100'  and  set  a  hub  on  line  with  the  foresight  and 
continue  to  set  points  at  intervals  of  exactly  100  feet  until  you  have 
a  test  line  800  to  1000  feet  long. 

Now  level  the  telescope  and  read  the  rod  intervals  when  the 
rod  is  held  on  each  of  the  stakes  and  record  this  interval  to  the 
nearest  fraction  of  a  foot  that  you  are  sure  you  can  actually  see. 
As  the  length  of  sight  increases  it  becomes  less  and  less  possible 
to  determine  exactly  the  interval  and  when  you  are  not  certain 
of  the  reading  to  a  o.oi'  stop  attempting  to  lengthen  the  sight  and 
you  have  practically^  determined  the  safe  length  of  sight  for  actual 
line  work  that  the  instrument  is  capable  of  handling.  To  deter- 
mine the  rod  interval  record  your  readings  and  take  the  average 
value.    Assume  your  rod  intervals  to  be  as  follows: 
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a^ 0.997  feet 


a' 


a' 
a* 
a' 


1-995 
2.99 

3.99 

4.98s 

5-97 

6.95 
8.02 


(( 
n 

ii 


I 
2 

3 

4 

5 
6 

7 
8 


0.997 

0-997S 
0.9967 

0.997s 

0.997 

0.995 
0.993 
1.002 


This  indicates  that  beyond  500'  the  readings  become  uncertain 

and  that  about  600'  is  the  limit  of  practical  line  sight  for  close 

work.     Good  stadia  work    requires  that   the  instrumentman  is 

perfectly  honest  with  himself  and  recognizes  his  limitation  when 

It  is  reached.    The  rod  interval  per  100'  is  therefore  0.997  in  this 

case  and  every  foot  on  the  rod  when  the  line  of  sight  is  level  means 

I  000 

an  actual  distance  from  the  apex  of  the  optical  angle  of  — = 

^  *^  0.997 

100.3  feet. 

To  get  the  actual  distance  then  for  a  level  line  of  sight  rod  reading 
of  2.45  feet  multiply  2.45  X  1Q0.3  =  245.73  feet. 

Say  245.7  feet  from  the  apex  of  the  optical  angle  and  the  distance 
from  the  center  of  the  instrument  will  be  245.7  feet  plus  the  constant 
C  (1.25)  equals  246.95  feet  from  the  center  of  the  instrument. 

The  effect  of  the  inclined  line  of  sight  will  be  discussed  later. 
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Case  2. — Where  the  constant  C  is  not  known.  ^  To  determine 
the  constant  C  and  the  rod  interval  per  100'  of  distance  beyond 
the  apex  of  the  optical  angle. 

Measure  a  base  line  800  to  1000'  long  as  previously  stated 
placing  hubs  every  100'. 

Set  the  transit  up  over  the  first  hub  and  with  a  level  line  of  ?i^ht 
read  the  stadia  wire  rod  interval  at  each  of  the  stakes  on  the  line 
which  are  at  actually  measured  known  distances  from  the  center 
of  the  instrument  of  100',  200',  300',  etc. 

The  problem  is  to  determine  two  unknown  quantities,  C  the 
constant  and  X  (the  rod  interval  per  100  feet  of  distance  beyond 

the  apex  of  the  optical  angle).    According  to  Case  i,    -^ — •'  « 
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the  actual  distance  beyond  the  apex  represented  by  a  rod  interval 
of  one  foot.  Therefore  we  can  determine  the  constant  C  from  two 
equations  using  the  actual  rod  intervals  a^  and  a^  at  the  stakes 
which  are  100'  and  200'  from  the  center  of  the  instrument  thus. 

1. 00' 
100'  —  C  =  observed  rod  interval  a*  X  -^r~ 


2oo'^C=        "  "         "        fl»X^ 


Suppose  the  rod  interval  a*  =  0.9845 

"     a*  =  1.981S 


((  tt     i( 


^  ft       i-oo 

1 00.0       —       C       =      0.9845     — y- 
200.0       —       C       ==        I.98I5     -yT* 

call  (-—- J  the  symbol  F. 

loo.o  —  C  =  0.9845  F        Equation  i, 
200.0  —  C  =  1.9815F  "  2. 

loo.o  =  0.997  F      Subtract  Equation 

I  from  2. 
„      100.00 

'*  0.997 
F  =  100.3  ^6ct. 

That  is,  a  one  foot  rod  interval  equals  100.3'  of  distance  beyond 
the  apex  of  the  optical  angle. 
To  determine  C  substitute  this  value  of  F  in  Equation  i. 

loo.o  —  C  «=  0.9845  X  100.3 
—  C  «  —  100  -f-  98.75 
C  =  100  —  98.75 
C  =  1,25  feet. 

Apply  this  principle  to  three  or  four  sets  of  readings  and  take  the 
mean  values. 

You. now  have  the  basic  constants  of  the  instruments  for  close 
work. 

Effect  of  Iiidined  Sight  on  Stadia  Readings. — The  previous 
discussion  is  based  on  a  level  line  of  sight.  It  should  be  borne  in 
mind  that  the  stadia  distance  as  previously  discussed  refers  to  the 
distance  along  the  line  of  sight  when  the  rod  is  perpendicular  to 
the  line  of  sight. 

In  case  the  line  of  sight  is  inclined  the  rod  reading  must  be 
corrected  to  a  true  rod  reading  perpendicular  to  the  inclined 
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line  of  sight  and  the  distance  along  the  inclined  line  of  sight  must 
be  corrected  to  the  true  horizontal  distance. 

Rod  interval  X  cos  A  (angle  of  inclination)  »  corrected  rod 
interval. 

(Corrected  rod  interval  in  feet  X  actual  distance  value  per  foot 
as  determined  by  test  X  cos  angle  A)  +  (the  constant  C  X  cos 
angle  A)  =^  corrected  horizontal  distance. 
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All  standard  stadia  reduction  tables  and  diagrams  simUar  to 
Table  30,  page  335,  are  based  on  (100  feet  of  distance  for  1,0 
of  rod  interval)  plus  the  constant  of  the  instrument. 

If  much  stadia  work  is  to  be  done  all  instrument  makers  will 
set  fixed  stadia  wires  guaranteed  to  measure  100'  distance  per  i.o 
of  rod  interval  for  the  distance  from  the  apex  of  the  optical  angle 
and  such  wires  are  generally  sufficiently  close  to  this  standard 
so  that  for  all  practical  survey  work  on  which  stadia  methods  are 
desirable  no  correction  for  rod  interval  need  be  applied. 

The  following  example  of  reduction  of  stadia  reading  for  careful 
line  work  will  show  the  method. 
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Case  I. — Where  the  stadia  wires  are  guaranteed  to  read  100' 
distance  per  foot  of  rod  interval  and  the  constant  C  =  1.25  feet. 

Procedare. — Measure  the  height  of  the  center  of  the  telescope 
axis  at  the  standards  above  the  top  of  the  transit  hub;  this  lis  called 
the  Height  of  instrument.    Assume  this  for  example  to  be  5.3  feet. 

To  get  the  vertical  angle  to  the  next  hub  sight  on  the  rod  with 
the  middle  horizontal  wire  set  on  5.3  feet  on  the  rod  held  on  the 
foresight  hub  and  read  the  vertical  angle  say  +  10°  13';  level 
the  telescope  by  the  large  telescope  bubble  and  record  the  index 
error  say  4-  0°  01':  the  correct  vertical  angle  is  then  +  10**  12'. 

To  get  the  rod  interval  reading  corresponding  to  the  vertical 
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angle  of  +10°  12'  sight  on  the  rod  with  the  middle  horizontal 
wire  on  5.3':  then  shift  the  vertical  line  of  sight  so  that  the  lower 
stadia  wire  is  exactly  on  one  of  the  main  rod  divisions  and  read 
the  rod  interval  between  the  two  stadia  wires.  Say  in  this  case 
3.37  feet  or  337  feet  distance.  Look  in  Table  30,  page  337, 
which  gives  for  a  vertical  angle  of  10°  1 2'  the  correct  horizontal  and 
vertical  distance  per  100'  of  stadia  reading  as  horizontal  distance 
96.86';  vertical  difference  in  elevation  1 7.43'.  The  total  horizontal 
distance  for  the  stadia  reading  of  337  feet  is  therefore  (337  X 
96.86  =  326.42)  +  (constant  C  X  cos  10°  12')  given  at  bottom 
of  page  in  table  as  1.23)  =  327.65  total  horizontal  distance. 

The  Vertical  difference  in  elevation  is  (337  X  17.43'  =  58.74') 
+ ((constant  C  X  sin  10^12')  given  at  bottom  of  page  in  Table 
30  as  0.22)  =  58.96'  total  difference  in  elevation.  The  elevation 
of  the  new  hub  ife  therefore  5230.3  +  58.96  ==  5289.26. 

Cas6  2. — Where  a  stadia  interval  must  be  corrected  for  poor 
wire  interval. 

Suppose  the  instrument  used  measures  100.3'  for  each  foot  on 
the  rod  and  the  rod  reading  for  a  vertical  angle  of  10"  12'  is  3.36  feet. 
The  correct  stadia  distance  is  found  by  multipl3dng  3.36  feet  X 
100.3  =  337  feet  in  distance.    Then  proceed  as  in  Case  i. 

Stadia  Rods. — Stadia  rods  can  be  divided  in  innumerable 
ways  and  it  makes  little  difference  what  symbols  are  used  so  long 
as  they  are  clear  and  distinct.  The  principle  of  bisection  for  the 
smallest  readings  is  a  good  system.  The  face  of  the  rods  should  be 
wider  than  the  ordinary  level  rod;  a  width  of  2}^  to  3"  is  about 
right.  They  should  have  a  very  brilliant  white  background  and 
jet  black  face  markings  with  large  numbers  for  the  even  feet  marks 
the  tenths  should  not  be  numbered. 

The  practice  of  special  graduations  to  fit  the  wire  interval  of 
the  instrument  is  not  desirable  particularly  in  rough  country  where 
rods  are  often  broken. 

A  standard  i.o  ft.  division  is  safer,  as  any  standard  rod  can  then 
be  used. 

The  following  system  of  face  markings  has  been  used  by  the 
author  and  is  given  merely  as  an  example  in  case  the  reader  has  no 
preference  of  his  own. 

The  rods  should  be  as  light  as  possible  with  a  back  brace  to 
prevent  warping  and  provide  hand  holes  and  a  length  of  10'  is 
ample  for  all  practical  purposes. 
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CHAPTER  XII 

PHOTOGRAPHY,  CAMP  EQUIPMENT  AND  NOTES  ON 

CAMP   MEDICINE 

Editor's  Note. — Photographs  are  often  as  important  as  survey  notes 
particularly  on  reconnaissance  work  and  the  failure  of  a  negative  is  compar- 
able to  the  loss  of  field  notes.  The  following  data  has  been  inserted  to  help 
the  inexperienced  photographer  reduce  his  percentage  of  failures.  A  green- 
hand  is  ]H|zaled  chiefly  by  diaphram  opemag  and  time  of  exposure  and  does 
not  understand  the  effect  of  latitude,  altitude,  time  of  year,  light,  etc.,  on 
the  problem. '  The  following  simple  notes  have  been  prepared  by  a  man  who 
has- taken  Engineering  Photographs  all  over  the  world  and  should  be  helpful. 
TheriB  are  a' number  of  very  excellent  exposure  charts  and  mechanical  sensi- 
tised paper  exposure  meters  on  the  market  which  consider  all  these  points 
in  xnort  detail  than  we  can  give  in  a  book  of  this  character. 

NOTES  ON  PHOTOGRAPHY 

GeneraL — ^The  following  discussion  of  the  subject  of  photog- 
raphy iii  connection  with  engineering  operations  has  been  prepared 
with  the  idea  of  giving  to  the  engineer  the  foundations  and  princi- 
ples upon  which  he  may  make  exposures  in  the  field  under  most 
all  conditions,  and  secure  fairly  uniform  results.  The  engineer  is, 
in  the  day's  work,  retjuired  to  make  exposures  under  some  very  ad- 
verse conditions,  and  it  is  not  rare  that  the  exposure  most  needed 
or  the  most  important  point  along  the  line  of  survey  or  construction 
is  reached  when  weather  and  light  conditions  are  at  their  worst. 
In  many  cases  the  results  are  failures,  poor,  or  only  fair.  This  fact, 
under  the  ordinary  procedure  of  having  the  film  developed  after  the 
point  has  befen  passed,  or  the  survey  completed,  is  discovered  weeks 
or  months  afterward,  and  a  return  to  tne  point  would  either  be 
expetJsiVe— so  much  so  as  to  make  it  prohibitive — or  impossible  on 
account  of  adverse  weather  conditions. 

Views  on  preliminary  surveys  are  of  more  importance  and  should 
receive  corresponding  attention.  Views  on  construction  and  lo- 
cation are  important,  but  the  opportunities  for  making  successful 
exposures  on  location  and  construction  are  many.  This  is  due  to 
the  fact  that  the  engineer  is  located  longer  at  one  camp  on  location 
than  on  preliminary,  while  on  construction  he  is  constantly  on  the 
job. 

It  is  urged  that  all  ^ork  be  done  in  the  field  at  the  time  of  making 
the  exposures  on  preliminary  investigations  or  reconnaissance 
surveys  in  order  that  failures  may  be  discovered  and  additional 
exposures  made  which  will  supply  the  omissions,  and  assure  a 
continuity  of  views.  By  so  doing  the  finished  view  may  then  and 
there  be  properly  identified  and  notations  made  as  to  its  value  in 
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connection  with  the  surveyed  line,  and  the  subsequent  report  and  bjec 

estimate,  as  explained  on  page  283.    With  this  end  in  view  the  fol-  m 

lowing  equipment  is  suggested.  Sb 

Equipment 

1.  Camera   with  good  stout  leather  case  and  tripod. 

2.  Tank  developing  outfit  complete. 

3.  Films,  chemicals,  and  paper  sufficient  of  photograph  length  |tsu 
of  the  line. 

This  outfit  has  been  used  for  a  number  of  years  by  men  Who  have  |si( 
had  a  wide  experience,  and  it  has  been  found  to  be  a  convenient 
and  complete  camp  kit  to  properly  care  for  the  picture  end  of  a 
survey. 

Roughly  the  films  should  be  estimated  at  three  exposures  to 
the  mile  of  line. 

Camera. — The  best  sized  camera,  that  is,  the  one  which  produces 
the  largest  picture  in  proportion  to  the  bulk  of  outfit  and  cost  of 
operation,  is  the  4  Ji  X  6>^  film  camera — Eastman  4A.  Cameras 
having  smaller  dimensions  produce  views  so  small  as  to  be  of  little 
value  from  an  engineering  standpoint,  whOe  the  outfit*  necessary 
to  carry  on  development  is  practically  the  same  in  size  and  weight 
as  that  required  for  the  camera  above  mentioned.  Enlargements 
may  be  made,  but  this  is  an  additional  expense  and  delay.  What 
is  recyiiired  is  speed  and  accuracy. 

This  sized  mm  when  properly  masked  will  give  a  picture  4}^" 
X6%"  exclusive  of  legend.  If  the  roll  is  cut  so  as  to  leave  the  un- 
exposed portions  between  the  exposures,  on  the  bottom  of  vertical 
views,  or  the  left  hand  end  of  horizontal  views,  space  is  left  for 
filing  number  and  legend.  This  information  is  put  on  the  face  of  - 
the  film  with  india  ink  as  soon  as  it  is  dry  and  b  a  clear  but  concise 
statement  of  (a)  station  from  which  the  view  was  taken,  (5)  direc- 
tion of  the  camera,  (c)  general  description  of  features  shown, 
or  purpose  for  which  taken,  and  {d)  index  number  by  which  the 
same  may  be  identified.  This  information  is  obtained  from  the 
exposure  record  which  is  made  and  kept  at  the  time  of  the  exposure, 
and  regarding  which  description  is  given  on  page  430. 

Autographic  backed  cameras  are  in  use  but  are  not  specially 
desirable  unless  the  films  are  to  hfi  developed  by  some  other  person 
at  a  latter  date.  The  writing  that  may  be  done  while  specific,  is 
generally  so  large  as  to  take  up  all  the  space  between  the  exposures 
which  should  be  devoted  to  more  detail.  If  used  it  is  better  to 
merely  record  the  roll  and  exposure  number  as  R  23-2  and  depend 
on  the  exposure  record  for  detail  data. 

Lens. — The  camera  should  be  equipped  with  a  standard  lens  of 
known  value.  In  the  matter  of  lenses  nothing  empirical  may  be 
said.  Generally,  however,  the  regular  B.  &  L.  f  16  rectilinear  lens 
gives  excellent  results.  As  speed  is  not  essential  the  higher  priced 
rapid  lenses  are  not  necessary,  and  the  investment  of  money  is 
such  a  refinement  which  the  work  in  hand  does  not  call  for,  is  a 
luxury  to  sav  the  least.  Given  a  well  made  and  flawless  lens,  an 
equally  good  picture  may  be  secured,  provided  the  proper  time  is 
given,  as  with  the  more  expensive  lens.    As  there  are  no  moving 
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Ki  objects  in  the  class  oC  views  that  the  engineer  will  photograph, 

^  exposures  may  be  properly  timed. 

St&utter. — ^The  shutter  should  be  of  the  ordinary  variety,  operated 
or  snapped  with  a  bulb  or  cable.  For  rough  handling  the  bulb 
release  is  considered  the  best.  There  are  a  number  of  standard 
shutters  on  the  market,  anyone  of  which  gives  entirely  satisfactoiv 
results.  Improvements  are  being  continually  made,  and  it  is  aa- 
visable  to  purchase  the  most  durable  pattern  on  the  market.    There 

e  is  less  liability  of  making  errors  with  the  shutter  that  sets  and  re- 

t  leases  automatically  with  a  bulb  or  cable.  Those  that  have  to  be 
set  by  hand  ofttimes  produce  no  exposure,  the  photographer  for- 
getting to  set  the  shutter. 

Diaphram. — ^Most  all  cameras  are  now  equipped  with  the 
iris  diaphram,  and  this  attachment  is  the  best  with  wnich  to  control 
the  stop. 

The  stop  IS  the  technical  term  for  regulating  the  size  of  opening 
in  the  diaphram.  There  are  two  systems  of  indicating  the  dif- 
ferent stops.  The  " Universal  Standard"  (U.  S.)  and  "f  "  for  focal 
speed  of  kns.  The  following  list  shows  the  usual  stops  for  both 
systems  that  are  equal  to  each  other. 

U.  S.  1.2  2.0  2.5  4    8  16  32  64 

f  4.5  5.6  6.3  8  II  16  22  32 

Ordinary  kodak  stops  123 

Stop  U.  S.  1.2  gives  the  largest  opening. 

"     64      "       "  smallest       "      . 

Manipulation. — The  most  important  factors  that  enter  into 
making  an  exposure  are: 

1.  Composition. 

2.  Distance. 

3.  Aperture. 

4.  Time. 

5.  Strength  and  direction  of  light. 

6.  Phases  of  views. 

7.  Recording  all  operations  in  the  exposure  record. 

Taking  up  these  operations  in  their  order: 

Composition. — A  photo  should  not  be  looked  upon  as  a  miscel- 
laneous lot  of  black  and  white  spots  on  a  piece  of  paper.  In  order 
that  the  photo  should  properly  show  the  information  required, 
it  should  m  most  instances  be  taken  from  some  station  along  the 
line  of  work,  or  from  some  point  which  has  be^i  definitely  located 
without  the  line  of  work.  The  most  desirable  position  from  which 
to  niake  the  exposure  is  one  from  which  proifessional  as  well  as 
artistic  points  may  be  seen.  The  selection  of  such  a  point  is  made 
after  carefully  studying  the  composition  of  the  view  as  seen  in 
the  finder.  If  a  view  is  required  along  the  survey  line,  select  if 
possible,  that  station  where  the  light  will  come  from  behmd  or 
from  the  side.    Carefully  study  the  composition. 

If  on  a  survey  line,  along  a  stream  bank,  on  the  edge  of  a  mesa. 
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at  the  shore  of  a  lake  or  bay,  bring  the  important  features  into 
the  middle  of  the  finder.  No  picture  should  be  taken  that  does 
not  contain  some  life,  as  only  professionals  can  make  a  good  picture 
of  still  life.  Picket  a  rodman  with  a  level  rod  or  stadia  board  of 
known  length  on  a  station  50  or  loo  feet  away  on  line— K)r  more 
particularly  at  the  point  it  is  intended  to  feature.  This  not  only 
gives  life  to  the  view,  but  provides  a  medium  by  which  distances 
in  the  view  may  be  estimated.  Have,  if  possible,  one*-third  of 
your  view  composed  of  sky.  Balance  your  picture.  Guard  against 
having  the  center  view  obstructed  by  a  6  foot  tree  15  feet  from 
the  camera,  while  the  feature  you  are  trying  to  photograph  is  100 
feet  away.  Such  a  composition  blurs  the  foreground, '  reduces 
the  field  of  view,  and  in  general  spoils  what  might  have  befeh  a 
successful  photo. 

Hold  or  set  the  camera  level.  If  it  is  necessary  to  obtam'  some 
feature  that  is  below  or  above  the  outline  as  shown  in  the  finder, 
manipulate  the  shifting  front  of  the  camera.  Never  tip  the  camera 
up  or  down,  for  to  do  so  will  produce  distorted  photos  on  account 
of  the  vanishing  point  lying  outside  of  the  horizontal  plane. 

Distance. — Ascertain  the  distance  from  the  camera  to  the  object 
to  be  photographed.  Do  this  with  reasonable  care  as  too  many 
poor  negatives  result  from  carelessness  in  estimating  distances. 
Set  the  indicator  at  the  proper  point  on  the  scale  of  distance. 
The  nearer  the  subject  is  to  the  camera,  the  more  care  should  be 
exercised  in  ascertaining  the  distance.  For  universal  focus  use 
stop  U.  S.  16,  32  or  64  and  set  focusing  indicator-at  25  to  30  feet. 

Aperture  and  Time.— The  aperture  (stop)  and  time  of  exposure 
are  the  governing  points  in  making  an  exposure. 

For  a  given  condition  a  number  of  different  combinations  of 
aperture  and  time  will  give  satisfactory  results.  The  larger 
the  aperture  the  shorter  the  time.  The  smaller  the  aperature 
the  better  the  detail  of  the  picture  becomes.  In  general  it  is 
desirable  to  use  a  fairly  small  aperture  to  get  detail  and  as  long 
a  time  as  conditions  permit. 

The  correct  combination  of  aperture  and  time  is  affected 
by  the  use  of  a  tripod,  movement  of  objects,>speed  of  plate  or  films 
used,  altitude,  latitude,  season  of  the  year,  intensity  of  light 
and  composition  of  the  picture.  This  sounds  comiplicated  and  is 
for  the  best  results  but  fortunately  considerable  venation  from  the 
best  timing  will  still  produce  a  fairly  good  negative  for  all  piactical 
purposes. 

Efifeot  of  Use  of  Tripod.--It  is  advisable  to  use  a  tripod  for  all 
engineering  photography  as  it'  prevents  blurring  by  movemmts 
of  the  camera  during  exposures  and  makes  it  possible  to  use  a 
small  aperture,  with  the  necessary  time  of  exposure,  to  get  '^good 
detail.  If  the.  camera  is  held  in  the  hands  the  time  of  exposure 
should  be  H  5  of  a  second  or  less  and  the  aperture  will  have  to  be 
made  large  enough  to  allow  this  speed. 

Effect  of  Motion  of  Objects. — ^As  a  rule  moving  objects  need 
not  be  photographed  but  if  necessary  the  following  speeds  of  ex- 
posure will  stop  motion. 
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}^5  of  a  second  will  stop  wind  in  foliage. 

J^o  of  a  second  will  stop  pedestrians  and  slow  moving  rigs. 

^00  oi  a  second  distant  trains. 

/^ootoHoooofa  second  near  trains,  automobiles,  etc. 

The  aperture  must  be  regulated  to  allow  these  speeds. 

That  is,  time  governs  aperture  where  motion  is  encountered. 
Under  most  conditions,  however,  where  a  tripod  is  used  aperture 
governs  time  and  a  small  aperture  is  desirable  in  order  to  obtain 
detail.  For  most  landscape  engineering  survey  work  a  U.  S.  stop 
16,  32,  or  64  is  used  and  the  time  is  varied  to  correspond  with  the 
stop  selected. 

Bright  sun  use  stop  U.  S.  64  or  U.  S.  32. 

Fair  light  use  stop  U.  S.  32  or  U.  S.  16. 

Moderate  Hght  use  stop  U.  S.  16  or  U.  S.  8. 

An  aperture  of  U.  S.  8  will  give  moderately  good  detail. 

^[>eed  of  Plate  or  Film. — Different  makes  have  different  speeds 
iMit  there  is  no  great  variation  in  the  speed  of  the  ordinary  roll 
films  or  speed  pack  films  and  the  following  exposure  chart  is  based 
on  the  commercial  film  in  ordinary  use. 

Effect  of  Altitude. — Altitude  has  a  marked  effect  on  time  of 
exposure.    Exposure  charts  are  worked  out  for  sea  level. 

Wilson  topographic  surveying  quotes  Mr.  E.  DeviUe  as  stating 
that  altitude  has  practically  no  effect  on  timing  when  the  sun  is 
near  the  zenith  in  the  middle  of'  the  day  but  that  as  the  sun  ap- 
proaches the  horizon  the  effect  becomes  evident.  He  gives  the 
following  relative  time  of  exposure  at  sea  level  and  10,000  feet 
altitude. 


Altitude  of  Sun 

Relative  Time  of  Exposure 

At  10,000  ft.  Altitude 

At  Sea  Level 

I  second 
I       " 
I       " 

I       "            . 

I      second 

2 

3M      " 

The  rule  generally  used  for  ordinary  engineering  photography 
is  to  cut  the  time  of  exposure  in  half  when  you  are  working  at  an 
elevation  of  5000  to  10,000  feet. 

Effect  of  Latitude. — Exposures  at  the  equator  require  the  shortest 
timing. 

As  the  latitude  increased,  the  time  of  exposure  increases. 

For  example  conditions  requiring  Ji  5  of  a  second  at  the  equator 
requires  ?i  of  a  second  in  Alaska. 

Effect  of  Season  of  the  Year. — The  summer  months  require  less 
exposure  than  the  winter  months. 
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For  example  conditions  requiring  an  exposure  of  Ho  o^  a  second 
in  sununer  will  require  J^  of  a  second  in  winter,  except  that  it  must 
be  remembered  that  snow  on  the  ground  changes  the  classification 
of  "phase"  discussed  below. 

The  chart  on  page  429  is  prepared  for  sea  level  at  average  con- 
ditions of  latitude  and  season  in  the  United  States  and  the  effect 
of  latitude  and  season  can  be  disregarded  for  all  practical  purposes 
except  for  extreme  cases  as  they  have  a  relatively  small  effect 
for  this  territory  as  compared  to  light  intensity  and  phase  of  the 
picture. 

The  extreme  variation  from  the  chart  will  be  approximately  as 
follows;  for  winter  months  along  the  Canadian  boundary,  double 
the  time  of  exposure  given  in  the  chart.  For  southern  Florida 
in  midsummer  use  ^  the  time  given  in  the  chart. 

When  it  is  borne  in  mind  that  this  variation  in  relative  exposure 
does  not  ruin  a  negative  it  can  be  seen  that  unless  these  extreme 
conditions  of  combined  location  and  season  prevail  that  the  chart 
time  without  correction  should  give  reasonably  good  results. 
Altitude  should  however  be  considered. 

EFFECT  OF  LIGHT  AND  PHASE 

Light  Values. — ^Judgment  and  experience  are  essential  if  good» 
average  negatives  are  to  be  secured.  However,  the  following 
discussion  of  light  values  of  different  lights  and  phases  of  views 
may  be  of  use.  ^  There  are  five  distinct  conditions  of  light  that  are 
generally  taken  into  consideration  when  calculating  for  an  exposure. 

{A)  Bright  Sunlight, — ^When  the  sun  is  shining  brightly  in  a 
cloucUess  sky. 

(B)  Light  Clauds. — ^When  a  thin  film  of  white  clouds  partially 
obscures  the  sun,  but  fairly  well  defined  shadows  are  discernible. 

(C)  Diffused  Light, — ^An  even  light  but  no  shadows. 

(D)  DuU. — Sky  covered  with  dull  clouds  with  no  sunlight 
penetrating. 

(E)  Very  Dull. — Sky  overcast  with  very  dark  clouds.    Gloomy. 
Phases  of  Views. — For  the  purpose  of  classifying  views  or  sub- 
jects in  a  view — ^the  five  following  phases  are  given: 

1.  Landscapes. — This  view  contains  distant  landscapes,  sea- 
scapes, snowclad  hills,  or  broad  expanses  of  river  scenenr.  Such 
views  reflect  a  large  percentage  of  actinic  light,  and  snould  be 
short  timed  or  stopped  down  accordingly. 

2.  Light  Foreground.-^This  view  contains  open  fields  and  woods, 
flocks  of  live  stock,  buildings,  and  small  expanses  of  water. 

3.  Strong  Foreground. — TWs  view  contains  a  large  percentage 
of  foliage,  buildmgs  close  enough  to  make  strong  and  distinct 
outlines,  fences,  figures,  animals,  well  defined  roadways,  rock 
cliffs,  or  well  defined  hill  slopes  not  over  400  feet  from  the  camera, 
urban  scenes  where  the  sky  line  is  serrated  with  buildmgs,  or 
full  views  of  concrete  structures. 

4.  Very  Heavy  Foreground. — This  view  contains  close-ups  of 
the  following:    landscapes  having  dark  green  foliage  and  shadows, 
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bridges  aad  other  structures  with  he&yy  shadows,  and  rock  cliffs 
which  are  generally  located  in  canyons  where  considerable  direct 
light  is  shut  out. 

5.  Shaded  Foregfound. — Under  this  caption  comes,  ravines, 
wooded  hillsides,  standing  timber,  under  trees,  and  small  dark 
box  canyons  where  sun  light  b  shut  out  by  shadows.; 
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CaaticO. — Great  care  must  be  exerdaed  in  making  exposures  for 
views  under  conditions  for  No.  5.  Give  plenty  of  time,  and  should 
doubt  exist  double  the  time  taken  from  the  diart  and  make  another 


exposure. 
Bearing 


in  mind  the  five  conditions  of  light  "A"  t 
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the  five  Phases  of  Views  i  ts>-^  enter  the  chart  with  the  view  as  an 
argument.  Along  this  line  a  number  of  combinations  for  time 
and  stop  may  be  had  which  will  give  satisfactory  negatives.  If 
detail  is  required,  select  a  small  stop,  and  from  this  get  the  time 
for  Bright  Sunlight  "A."  Should  light  conditions  be  other 
than  "A"  multiply  the  time  obtained  by  the  proper  factor  given 
below  the  chart. 

For  Example, — Condition  of  light:  Diffused  "C."  Phase  of 
View:  Strong  Foreground  No.  3.  Suppose  you  desire  to  use 
stop  U.  S.  8,  the  time  for  bright  sunlight  is  given  as  J^  second. 
Multiply  this  time  by  2  the  factor  for  diffused  light  getting  Ji 
second  as  the  exposure  required. 

Note. — There  are  a  number  of  meters  now  published  which  go 
into  detail  as  to  time,  aperture,  conditions  of  light  and  phases  of 
view  all  of  which  give  excellent  results.  These  may  be  purchased 
from  most  any  photo  supply  depot. 

Exposure  Record. — In  order  that  the  photographer  may  have 
something  upon  which  to  check  up  his  failures,  identify  each  view 
in  connection  with  the  project  in  hand,  and  properly  reference  them 
in  the  files,  an  exposure  record  should  be  used  and  each  exposure 
carefully  recorded.  This  record  may  take  any  number  of  forms, 
but  from  experience  the  following  is  suggested,  which  has  been 
filled  out  to  show  how  it  is  intended  the  columns  should  be  used. 


Roll  No.  36. 


Exposure  Made  by  Bill  Jones 


Sept.- 


No.  of 
Film 

Job 

Date 

Hour 

Light 

Stop 

4(  r  »» 

Time 

Subject.    Descriptive 
Notes 

I 

Rabbit 
Ears 

^i 

9.00 

A 

16 
II 

22 
II 

8 
22 

Ko 

Sta.  1007+40.  Looking 
Az.  170  deg.  along  tang. 
Rodman  on  Sta.  1006. 

2 

Rabbit 
Ears 

H 

10.00 

B 

>i 

Old  timber  br.  at  Sta. 
1026.  Camera  60'  to 
right  of  1019-50  look- 
ing Az.  130  deg.  (out  of 
focus). 

3 

Rabbit 
Ears 

H 

10.30 

B 

H 

Sta.  1025  looking  Az.  90 
deg.,  showing  proposed 
Xing  of  river.  Solid 
rock  in  extreme  left  of 
view. 

4 

Rabbit 
Ears 

H 

4.00       A 

Ho 

Sta.  1 09 1  looking  Az. 
270  deg.,  showing  Ama- 
zon Pass,  Hopland  and 
Big  River  Valley. 

S 

Tyeras 
Canyon 

H 

10.00 

C 

I  sec. 

Sta.  1 1 07-45  looking  Az.  1 
210   deg.     Dense  tim- 
ber along  tangent. 

6 

Tyeras 
Canyon 

H 

3.00 

D 

iH 

Sta.    1 136  looking  Az. 
336  deg.  along  tangent 
showing  houses  on  nght- 
of-way.    Close  up  view. 
Rodman  on  Sta.  II37* 
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Don't  expect  good  results  from  snapshots  taken  before  9.00 
A.  M.  or  after  5.00  P.  M.  even  with  sun  shining  brightly. 

Don't  try  to  make  snapshots  under  trees  or  in  a  shadow.  Make 
a  time  exposure  resting  the  camera  on  a  firm  base,  or  better  still, 
use  a  tripod.     Get  the  proper  time  from  the  chart.   * 

Don't  hold  the  camera  in  your  hand  when  making  exposures 
over'  K5  of  a  -second. 

Don't  attempt  to  make  snapshots  indoors. 

Never  face  the  camera  at  the  sun  unless  necessary  and  then  be 
sure  to  shade  your  lens  from  direct  rays  of  the  sun. 

Always  use  small  stops  if  detail  is  desired. 

Don't  give  time  exposures  to  distant  landscapes.  The  farther 
away  the  subject  the  less  time  is  required. 

Buy  only  fresh  films  which  will  exactly  fit  your  camera,  and  ob- 
serve the  date  on  same  beyond  which  no  guarantee  of  value  is  given. 

Always  turn  the  key  bringing  a  new  unexposed  film  into  correct 
position  after  having  made  an  exposure. 

After  having  exposed  a  roll  take  it  from  the  camera,  and  before 
putting  in  a  new  roll,  examine  the  lens,  try  shutter,  and  blow  out 
any  particles  of  dust  that  might  have  worked  into  the  bellows. 

If  after  having  made  an  exposure,  the  least  doubt  arises  as  to 
whether  it  was  an  overexposure,  underexposure  or  double  exposure, 
calculate  for  a  stop  and  time,  and  proceed  to  make  an  exposure 
that  will  be  satisfactory.  This  advise  is  of  particular  value  to 
engineers,  as  it  is  not  infrequent  that  the  picture  most  needed  is  the 
one  failure  on  the  roll.  The  second  exposure  costs  but  ten  cents. 
To  secure  it  after  the  camp  or  work  has  been  abandoned  may 
cost  a  hundred  dollars. 

Developing. — Fairly  good  prints  may  be  secured  from  average 
negatives,  but  the  best  prints  are  obtained  from  good  negatives. 
To  obtain  good  negatives  the  exposure  must  be  reasonably  correct, 
and  development  must  be  done  with  fresh  and  pure  chemicals  in 
quantities  called  for  in  the  respective  formulae  recommended  by 
the  makers  of  the  plates  or  films  used. 

The  simplest,  most  convenient,  and  most  certain  method  of 
development  that  has  been  worked  out  for  films,  is  what  is  generally 
known  as  tank  development. 

The  equipment  necessary  to  properly  handle  films  of  the  size 
suggested  in  the  beginning  of  this  article  is  as  follows: 

I  E.  C.  Eastman  tank  No.  5E7  complete. 

15X7  Gutta-percha  tray. 

I  32  oz.  Measuring  glass. 

I  Stirring  rod. 

I  Thermometer. 

I  or  more  pairs  of  film  clips. 

1  Dripping  pan  enameled,  about  9"  X  12". 

The  chemicals  required  for  one  roll  of  films  are : 

I  Tank  developing  powder  for  5  X  7  tank. 

4  oz.  of  hypo  with  acidifier. 

Plenty  of  clear  pure  water  having  a  temperature  of  65°  F. 
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As  no  dark  room  is  required  the  development  may  be  carried 
on  at  any  time,  and  the  process  is  as  follows: 

Dissolve  the  developing  powder  as  per  directions,  using  the 
developing  tank,  testing  Uie  same  with  the  thermometer  so  that 
the  solution  when  ready  shall  have  temperature  of  65^F.  Set  tlus 
aside. 

Thorougfily  rinse  the  measuring  glass,  and  in  i6  fluid  ounces 
of  water,  di^lve  the  4  ounces  of  hypo  and  addifier.  Pour  this 
solution,  know  as  fixer,  into  the  5X7  tray.  Thoroughly  rinse 
the  measuring  and  glass  stirring  rod. 

Prepare  the  films  as  directed  in  instructions  accompanying  the 
developing  tank  outfit,  and  wind  it  onto  the  opaque  curtain. 

This  operation  takes  place  in  the  light  proof  box. 

Remove  the  spool  containing  the  curtain  and  film,  and  place  it 
in  the  tank  containing  developing  solution,  firmly  fastening  the  top 
on  the  tank.  Turn  the  tank  end  for  end  two  or  three  times,  holding 
it  vertically  for  five  or  ten  seconds  each  time,  so  as  to  expel  all 
air  from  between  the  folds  of  the  curtain,  and  insure  complete 
contact  between  the  developing  solution  and  the  film.  At  the 
moment  of  immersion,  record  the  time,  and  permit  development 
to  go  on  for  the  specified  time  given  for  the  temperature  of  the 
solution.  If  using  Eastman  Tank  Developing  Powder,  and  solution 
is  65''F.,  the  time  of  development  should  be  20  minutes. 
Invert  the  tank  every  5  or  7  minutes  so  that  even  development 
may  be  obtained. 

Development  having  been  completed,  fill  the  dripping  pan  with 
fresh  water,  take  the  spool  from  the  tank,  and  working  rapidly, 
unroll  the  apron  or  curtain  until  the  end  of  the  film  is  visible. 
Firmly  clamp  a  film  clip,  to  this  end  of  the  film.  Now  lift  the  end 
of  the  film  by  this  clip,  unrolling  it  from  the  curtain  until  the  other 
end  of  the  film  is  free,  and  damp  another  clip  on  this  end.  Rinse 
the  film  in  the  dripping  pan  of  fresh  water,  running  it  through  three 
or  four  times.  Change  to  fixing  bath,  and  run  film  through  rapidly  ' 
three  or  four  times,  making  sure  that  the  entire  surface  of  the  film 
is  flooded  with  the  solution,  thus  insuring  that  development  is 
completely  arrested. 

Continue  washing  in  the  fixer  until  the  film  is  dear.  This  will 
take  from  7  to  10  minutes.  Rinse  in  clear,  cool,  running  water 
for  one-half  hour,  or  in  20  changes  of  water  allowing  the  fikn  to 
remain  three  to  five  minutes  in  each  change  After  rinsing,  . 
suspend  the  film  from  a  wire  or  hook,  so  that  the  same  will  hang 
free  and  permit  it  to  dry.  Do  not  touch  the  surface  until  perfectly 
diy.  If  the  film  has  a  tendency  to  curl  during  drying,  leave  it 
alone.  The  weight  of  the  dip  at  the  lower  end  will  be  sufl&cient 
to  correct  this. 

When  perfectly  dry,  trim  the  ends  so  as  to  leave  as  much  un- 
exposed nlm  as  there  is  between  the  exposures.  Before  cutting 
the  film,  place  it  on  a  table,  back  up,  and  under  vertical  views, 
or  to  the  left  of  horizontal  views,  inscribe  the  information  contained 
in  the  8th  column  of  the  exposure  record,  together  with  the  index 
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or  filing  number,  using  india  ink.  ^  Place  the  index  or  filing  number 
in  a  convenient  space  usually  the'^upper  left  hand  comer. 

Cut  the  filn\^  taking  particular  care  that  in  so  doing  the  legend 
and  the  view  to  which  it  applies,  are  together.^  Do  not  use  scissors 
to  cut  the  film,  as  this  unless  cleverljr  done,  is  apt  to  produce  an 
irregular  edge  which  is  difficult  to  fit  mto  the  mask.  Use  straight 
edge  and  sharp  pointed  knife,  or  better  still  a  trimmer,  the  latter 
costing  about  I1.75. 

All  operations  to  this  point  having  been  correctly  performed, 
films  will  be  uniform,  have  a  neat  and  workmanlike  appearance, 
and  bear  complete  information  as  to  date,  subject,  station  from 
where  taken,  and  index  number.  The  film  so  labeled  will  be  special, 
specific,  and  sufficient;  special  because  it  applies  to  a  certain  project, 
specific  because  it  pertains  to  a  particular  point  of  feature  of  the 
project,  and  sufficient  because  it  gives  complete  information. 

CAUSES  OF  FAILUBES 

Not  Sharp,  i.  Objects  moving  or  moving  too  fast. 

2.  Out  of  focus. 

3.  Camera  being  moved  during  exposure. 
Under  Time,            i.  Use  of  too  small  stop. 

2.  Light  too  weak. 

3.  Exposures  too  short. 
No  Exposure,          i.  Failure  to  set  shutter. 

2.  Failure  to  release  shutter. 

3.  Something  in  front  of  lens. 

Double  Exposure,     i.  Failing    to    wind    up    film    after    making 

exposure. 
Fogged.  I.  Camera  leaks  light. 

2.  Carelessness  in  loading  or  unloading. 

3.  Taking  pictures  against  sun. 
Over  Timed.             i.  Stop  too  large. 

2.  Too  much  time  given. 

Printing. — Equipment  additional  to  that  required  for  film 
developing: 

I  Printing  frame  5X7. 

I  Gutta-percha  tray  5X7. 

I  Orange  light. 

I  Dish  pan  from  camp  kitchen. 

Developing  powders.    (One  tube  of  M-Q  develops  18 

prints  of  the  size  herein  mentioned.) 
4  oz.  H3rpo  with  acidifier. 
4  oz.  Bottle  potassium  bromide,  10%  solution. 
Quantity  of  5  X  7  developing  out  paper,  Azo  preferred. 

ProGedure. — Prepare  the  developer  by  dissolving  the  contents 
of  the  tube  as  per  direction  thereon,  and  pour  the  solution  into  one 
tray,  not  the  one  used  for  fixing  bath.    In  order  that  no  doubt 
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CAMP  EQUIPMENT 

We  would  not  have  thcltemerity  to  recommend  camp  iequip- 
ment  any  more  than  we  would  dare  advise  a  woman  on  cooking 
utensils.  It  is  a  delicate  subject  on  which  most  campers  have 
tiieir  own  pet  notions.  The  following  lists  are  more  in  the  nature 
of  reminders  than  anything  else  and  are  based  on  outfits  in  ordinary 
use  on  mountain  road  surveys  in  the  west  where  equipment  can 
be  moved  by  wagon. 

Outfit  for  an  8  or.  lo  Man  Party  on  Locatioa  Surveys 

Table  Ware 

White  enamelware  dishes  unless  otherwise  noted. 

Item  Appioz.  Value 

la  Cups,  3H"  diameter la .  oo 

la  Saucers^  6"        **        i . 8o 

3  Salt  shakers  (large)  aluminum o.6o 

1  **     shaker  (small)           " o .  lo 

la  Table  forks  (retinned) i .  So 

24  Tea  spoons          **       o  .60 

a  Meat  platters,  16" i  .00 

3  Pepper  shakers  (small)  aluminum o  .60 

z      ^*       shaker  (large)            "         6 .60 

la  Plates,  9" 2  •  So 

13  Table  knives  (retinned) z .  80 

la      ••     8];>oons         ** o .  so 

a  Water  pitchers 1.50 

2  Syrup        "       1 .50 

12  Soup  bowls,  5" a .  so 

la  Sauce  dishes,  s" i  •  80 

a  Sugar  bowls,  6" i .  SO 

Total  value  tableware $aa  .40 

Say $25.00 

Cooking  Utensils 

Item  Approximate  Value 

I  Butcher  knife     10" $1 .  00 

a       **        knives    8" i .  00 

I       ••        knife    18"  (steel) i.oo 

1  Bread  board o .  so 

2  Bastins  spoons,  14"  (retinned) o .  ao 

•  2  Berlin  kettles,  10  quart  (aluminum) 3  •  00 

3  "  "  6     "  "  4.00 

I      '•           "          s      "              "           100 

I      "           •♦         4     *'              "           1.00 

3  Bowls,  10"  diameter  earthenware i .  So 

4  Buckets,  10  quart  galvanized  iron i .  SO 

I  0>ffee  boiler,  iH  gallon,  gray  enamel o  .70 

I      **         *'       3  quart  (aluminum) 10 .00 

a  Carving  forks,  wire  (3  prong) o  .30 

I  Cake  turner  (retinned,  perforated) 0 .  10 

3  Can  openers o .  50 

I  (^llander,  9"  (aluminum) i .  80 

I  Dishpan,  17  quart  (retinned) o .  75 

I         ••       ,14     "            "        0.60 

3  Dippers,  i  pint              "        o .  so 

I  Dnp  pan.  9"X  11"        "        o. 25 

I    "       '*    io"Xia"        "         0.25 

I    "       ••    ii"Xi6"        "         o.as 

la  Dish  towels 2 .00 

1  Egg  beater  (family  size) 0.15 

2  Prying  pans,  13"  diameter  steel 0 .65 
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I  Prying  pan  I iH"  diameter  steel 0.35 

1  Flour  sieve  (tin)  2  quart o .  ao 

2  Funnels  (large) o .  40 

2  "        (small) o.io 

I  Grater o.  10 

I  Jar  for  bread  yeast,  3  gallon . . . . : o. 75 

I  Iron  griddle,  20"  X  12''  cast  iron a .  SO 

I  Meat  saw i .  80 

I      "     chopper o.  so 

I      **     grinder i .  50 

I      "     cleaver,  8" i .  50 

I  Milk  pan,  6  quart  (retinned) o .  5« 

3  Paring  knives 0.40 

13  Pie  tins 2.2s 

z  Quart  cup  (retinned) 0 .  30 

I  Rolling  pm.  aV'  X  lo^" o.  15 

I  Stove  pot 2 .  10 

z  Skimmer  (aluminum) o .  as 

a  Soup^  ladles,  3"  diameter 0.40 

3  Serving  pans,  la"  diameter  white  enamel 1.7s 

4  •*          *'       7" I.7S 

X  Tte  pot,  X  gallon  white  enamel 0.60 

I  Cook  stove,  6  hole  range,  18"  X  18"  X  xa"  oven, 

top  a6"  X  31"  (30"  high),  weight  approx.  aso  lb.  as. 00 

Total  cooking  utensils $77 .  7S 

Say  180 . 00 

Hardware^ 

Item  Approx* 

Value 

4  Axes,  3H  lb S6 .  00 

i     **     iH  lb.  with  sheath  (hand) S  •  00 

0  Axe  handles a .  00 

a  Brush  hooks  or  machetes. 3 .  00 

1  Cold  chisel,  small,  6" o .  10 

X  Carborundum  stone i .  ao 

z  Claw  hammer,  standard.  x6  os o. 80 

4  C^mp  beaters  with  s  jmnts  nestible  pipe  (Sibley)  16 .  00 

a  Files,  mill  bastard,  8^' o .  so 

I  Hasp ^ 0. SO 

5  Oil  lanterns  iK"-i?i"  "wick  Stalif 5. 00 

3  Gasoline  lanterns,    Qtucklite" 17 .  00 

a  Picks,  railroad a .  so 

a  Pick  handles i  .60 

I  Pliers,  7"  lineman's i .  xo 

5  Piece  nestible  stove  pipe  for  cooking  stove z .  os 

z  Screw  driver,  18" o. 40 

3  Sheath  blocks  C.  I.,  W  or  H"  rope 3  -oo 

a  Shovels,  sharp  ];>ointed,  long  handles a .  so 

I  Saw,  4',  one  man  in  case 3 .  ao 

a  Sledges,  8  lb a  .so 

.  6        *        handlea. a .  40 

I  Saw,  a6",  7  point,  No.  7  Diston z  .80 

4  Stove  pipe  protectors,  asbestos' 9  •  00 

x  Tool  grinder.  No.  6  American — 

6  Boxes  tacks,  carpet,  8  oz o. so 

Nails,  8d  and  aod i  .00 

3  Balls  twine 0 .  so 

a  Tubs,  34"  diameter  galvanized  iron a .  so 

z  Whetstone o.  10 

X  Washboard  brass,  loH"  X  nK" 0.60 

4  Washbasins,  enameled  ware i .  00 

xoo'  Wire  baling o.as 

I  Wedge,  sphtting.  No.  5  Truckee z .  10 

I  Wrench,  monkey.  8" i  .00 

I96.70 
Say tioo .  00 
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Tents,  Tables  and  Miscellaneous 

Item  Approx. 

Value 

2  Tents,  14'  X  16' I180.00 

3  *•       10' X  12' 110.00 

I  Tent,  7'  X  9' 20 .00 

I  Kitchen  table  (see  Figure  87,  page  442) 15. 00 

I  Canvas  mess  table  (see  Figure  88,  page  443) 25  .  00 

3  Equipment  chests  (see  Figure  86,  page  440) 40 .  00 

I  Mess  box  with  padlock 5  •  00 

1  Lantern  box  (see  page  440) 5  •  00 

2  Lunch  baskets 3 .  80 

6  Canvas  chairs 6 .  00 

4  **       saddle  bags 16 .  00 

4  '•       note  book  shoulder  bags 6 ,  00 

2  *•       water  bag^,  2H  gal 2  .  so 

3  Canteens,  2  qt.  with  webbing  and  strap S  •  00 

100' H"  rope 1 .00 

48  Clothes  pins o .  20 

1  Alarm  clock 2 .  50 

2  Scrub  brushes,  i>^"  X  4" 0 .  25 

I2S'  H"  rope 4  00 

5  Yards  oil  cloth,  white i .  40 

2  Brooms i .  60 

I  Spring  balance,  so  lb o .  40 

I  Sail  maker's  palm  with  needles,  twine  and  wax  ....  i .  65 
I  Shoemaker's   outfit   containing   semi-steel,    stand, 

2  lasts  and  pegging  awl 2 .  00 

12  Hand  towels 2  .  so 

I  Medicine  chest  with  remedies 30 .  00 

I486. 80 
Say $Soo . 00 


Depreciation  on  Camp  Equipment 

Table  ware $  25 .  00 

Hardware 100 .  00 

Cooking  utensils 80. 00 

Tents,  etc 495 .  00 


Total * $700.00 

Allowing  for  ordinary  wear,  accident,  loss,  etc.,  this  equipment  is 
probably  good  for  three  years.  Allowing  50  miles  of  survey  per 
season  for  each  party  which  is  a  fair  average,  the  equipment  is 
good  for  150  miles  of  survey  or  at  the  rate  of  $4.50  per  mile  which 
is  a  reasonably  close  charge  for  the  use  of  camp  equipment  on  survey 
work  of  this  character. 
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MATERIAL  LIST. 

hl4xie'Tenf 
4-/2^'x'f>  Cenier Poles. 
d'S^'x  ?>  Side  Poles . 
1^2^x3"  f  Shtkes 
^M'lS'xZ"  4»  Pegs. 


Pig.  85. — ^Layout  diagram. 
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Fron+  View: 


3-$'nefal  Strap  Itnges 


^C<f  ui  pmerrt-   Box 


i 


9'Ttkfal  strap  Hingts  an^ach  Box 

Frorrt-  Vievc 

L afi* 


£nol  Viewt 

OV  Timber  to  b9  Fir^t 
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One  Printing  Coal" 
mtd  OneCoatof 
YtMmish. 


End  View. 


Lani-ern      Box. 


Pkin  with  Top  Removed . 


*^ 


Fig.  86. 


TENT  HEATER 


OnSli—tlli  Ht'  lip  mod, ' 
i-attelllnOnt  Piter. 
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1 ,o! 


»^i:  _       _    _      -i^  _        f^lJl 


.t-. 


S*4fe  View. 


Detail   II0.3. 
Pig.  87. — Folding  kitchen  camp  table. 
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k5> -^2 


Imps  fo^  Stcunlif  Serewedon  Ont 
Sick  on  I u. 


'^  WV^- 9 


Hiiytsio^Steini^ 
^     Scrtwtd. 


Side  View. 


Horeea 


SuDtfuil^ 
Ko.1.        .^fffSa% 

End  View. 


f oc^  5lrip  fo  b9  rivfttd" 
I  ..' ass/town.  ^, 


I  -r 


j 


fl| 


Strips  to  b€  of  Oak. 
fxrx3'on4'Centers. 


Uh  Z^  ot.  White  Canvas 


/y-fi-:^: 


"•  "  /  •   >■ 


f  \^  C  All  Edges  of  Canvas  tobt  turned  under 

I  Hnch  and  Sewed. 
ftffTB  \  2- Z' Leather  Straps  60  inches  iM^ii^ 


Plan  of  Toble.      ^^ 


\  Buckles  toi>e  oifached  to  Under  $ide  of  ^ 

V  Canvas  to  ^ind  Top  when  ffolled,  »  _ 

s'  J.L  V 


(Morijonhrl/y 
for  Seat.  /■  ^/ 

Widthoflron  f 

Pin  Holes  to  be  Lined     I    (2  £xtra  Holts  iobt made         't  'Jr^ 

ttjthf'6as  Pipe  ^l  on  one  End  onltj  to  allow 

[for  Shrinkage  in  Canvas,^ 

Detail  No.2,  P«*9UKo.l 

Pig.  88. — Portable  mess  tables. 
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Survey  Party 
Ration — (one  man  one  day) 


Article 


Unit 


Quantity 


Fresh  meat. . . . 

Cured  meat 

Lard 

Flour 

Corn  meal 

Baking  powder. 

Sugar 

Coffee 

Tea 


Butter 

Dried  fruit 

Rice,  beans  or  hominy. 

Potatoes 

Salt 


Flav.  extracts 

Spices 

Milk,  condensed 

Canned  fruits 

Vegetables  (fresh  or  canned) 

Syrup 

Pickles. 

Eggs 

Breakfast  foods 

•Miscellaneous  cost 


pounds 
(( 

(( 

(I 

(( 

i( 

(( 

(( 

(( 

n 

tt 

IC 

(( 
II 

ounces 

(( 

cans 

(( 

pounds 

n 

nos. 
pounds 


0.70 
0.30 
0.14 
0.70 
0.05 
0.02 

0.35 
0.05 
,01 

14 
10 

.10 
00 
04 
03 
05 
40 

18 
0.50 
0.06 
0.03 

2H 
0.08 

2}ic. 


o, 
o. 
o, 
o. 
I. 
o. 
o. 
o. 
o. 
o. 


*  Miscellaneous  includes,  crackers,  yeast,  chile  powder,  soda,   salad,  oil. 


catsup,  chocolate,  llemons,  soap,^sai)olio,  candles,^  matches,  oil  and  wood. 
'.nallo 

for  one  can. 


An  allowance  of  2 He  per  ration  sfaomd  easily  8ui>ply  these  items. 
Note. — Fresh  muk  may  be  substituted  for  condensed  at 


a  rate  of  i  quart 


Cost  of  Ration. — ^The  cost  of  feeding  one  man  per  day  including 
cook's  salary  based  on  5000  man  day  rations  in  1918  on  Western 
Mountain  iJocation  Surveys  averaged  ti.30. 

Preliminary  Investigation  Outfit 

Where  one  man  is  traveling  alone  on  foot  and  will  be  out  of 
touch  with  habitation  for  a  day  or  so  at  a  time  a  simple  outfit 
carried  in  a  knapsack  or  pack  basket  will  serve  very  sati^actorily. 

I  Waterproof  canvas  sleeping  bag $15 .  00 

I  Light  oelt  axe, i .  00 

I  Small  fry  pan o.  25 

I  Cup  with  long  handle  for  heating  water o.  25 

Knife,  fork  and  spoon o. 50 

Matches  in  bottle  or  waterproof  case o.io 

Small  emergency  food  supply 2 .  00 

Personal  supplies 

Canteen  in  arid  regions 

This  whole  pack  will  not  weigh  over  30  lb.  and  can  be  easily 
ifried. 
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NOTES  ON  PERSONAL  HYOIBNS  AND  CAMP  MBDICINB 

General  Note. — Anyone  responsible  for  a  party  of  men  in  the  field  should 
make  a  careful  study  of  this  subject.  Miscellaneous  Publication  No.  17 
of  the  United  States  Health  Service  on  the  "Prevention  of  Disease  and 
Care  of  the  Sick"  can  be  obtained  by  anyone  free  of  charge  and  covers  in  a 
very  thorough  manner  the  points  that  we  can  only  touch  on  in  a  book  of 
this  character.  MucH  of  the  data  following  is  quoted  or  briefed  from  this 
source  supplemented  by  the  author's  personal  ezi)erienoe.  The  material  on 
First  Aid  m  quoted  verbatim  from  Bulletin  No.  17  of  the  U.  S.  PubUc  Health 
Service  by  courtesy  of  that  department. 

Personal  Hygiene. — Camp  life  is  at  its  best  a  dirtv  proposition  and 
every  care  should  be  taken  to  retain  as  far  as  possible  the  ordmary  regular 
and  cleanly  personal  habits.  Proper  clothing  should  be  worn,  excess  in 
eating  or  drinking  should  be  avoided,  the  bowels  should  be  kept  regralar.  the 
body  clean  and  the  teeth  and  feet  well  cared  for.  Many  a  novice  in  camp- 
ing goes  without  the  ordinary  personal  toilet  articles  either  because  he 
thinks  that  under  the  circumstances  they  are  not  in  good  form  or  because 
he  forgets  them,  but  it  should  be  remembered  that  for  anyone  accustomed 
to  their  use,  the  lack  of  a  tooth  brush  often  causes  sore  mouth  or  gums; 
the  lack  of  toilet  paper  often  causes  piles  and  that  a  razor  adds  wonderfully 
to  the  enjoyment  01  the  Sunday  in  camp. 

Clottilng. — In  high  altitudes  heavv  woolen  underwear  should  be  worn 
even  if  the  middaj  temperature  is  high  as  the  rapid  cooling  at  night  is 
injurious  unless  this  precaution  is  taken.  Mountain  fever  is  often  brought 
on  by  overheating  and  chilling  caused  by  the  rapid  cooling  at  night.  If 
the  work  involves  wetting  by  fording  cold  streams  or  intense  rain,  woolen 
clothing  is  essential.  Under  these  conditions  if  the  air  tem];>erature  is  low 
the  woolen  clothes  should  be  worn  until  dried  at  a  fire  and  never  removed 
while^  wet.  If  the  air  temperature  is  high  particularly  in  the  tropics  wet 
clothing  should  be  removed  immediately  and  dried. 

In  the  tropics  silk  or  silk  wool  light  underwear  next  to  the  sldn  adds  to 
the  comfort.     Flannel  about  the  abdomen  must  be  worn  at  all  times. 

The  army  campaign  hat  of  the  heavy  felt  sombrero  ty];>e  is  very  com- 
fortable for  all  ordinary  work.  The  close  fitting  canvass  fur  lined  caps  for 
cold  weather  and  the  pith  helmet  for  tropical  conditions.  The  more  intense 
the  sun  the  heavier  the  head  covering  should  be. 

In  intense  light,  colored  glasses  with  side  flaps  fitting  closely  to  the  temples 
add  greatly  to  the  comfort  and  prevent  eye  troubles  such  as  snow  blind- 
ness, etc. 

Where  much  walking  is  done  heavy  cotton  socks  are  desirable  in  warm 
weather  and  heavy  woolen  socks  in  cold  weather.  Socks  should  be  free 
from  holes  or  lumpy  dams  and  should  be  frequently  changed. 

Rubber  boots  should  not  be  used. 

Leather  shoes  with  heavy  extension  soles  are  the  most  satisfactory  even 
in  snow  or  water.  Four  buclde  arctics  mav  be  worn  over  them  in  snow. 
For  intense  cold  German  felt  socks  and  felt  boots  are  desirable. 

For  ordinary  summer  conditions  kaki  trousers  and  a  light  flannel  shirt 
is  a  satisfactory  outside  rig.  For  cold  weather  a  tight  woven  canvas  trouser 
worn  over  a  warm  woolen  trouser  keeps  the  wind  out  and  the  heat  in  and  a 
sheep  lined  or  blanket  lined  leather  or  moleskin  pea  jacket  makes  a  suitable 
body  covering.    In  rain  an  oilskin  slicker  is  better  than  a  rubber  coat. 

In  steep  wooded  side  hill  work  in  a  rattlesnake  county  stiff  canvas  leggins, 
tis^t  woven  canvas  trousers  and  leather  gauntlet  gloves  are  desirable. 

Bedding. — The  most  satisfactory  portable  camp  bed  is  the  waterproof 
canvas  sleeping  bag  lined  with  woolen  blankets.  In  this  connection  it 
should  be  noted  that  if  it  is  possible  to  do  so  avoid  sleeping  on  wet  ground. 

Diet — Stick  to  your  normal  diet  but  avoid  overeating  or  drinking.  In 
extremely  hot  weather  avoid  heavy  meats.  On  a  long  tramp  in  hot  weather 
do  not  drink  water  freely.^  More  endurance  results  from  controlling  your 
thirst.     Do  not  use  alcoholic  liquors  except  for  medicinal  purposes. 

Be  very  careful  of  the  drinking  water;  impure  drinking  water  causes 
typhoid  fever,  d]rsentery  and  malarial  complaints.  Boiling  is  the  surest 
method  of  treating  doubtful  water.    Muddy  water  should  be  filtered. 

A  bath  should  be  taken  once  a  day  but  prolonged  immersion  particularly 
in  cold  water  is  injurious  and  lowers  the  vitality.  Soaking  the  feet  in  cold 
water  tends  to  toughen  them. 

Care  of  Mouth  and  Teelli. — Before  going  on  a  camping  trip  get  a  dentist 
to  put  your  teeth  in  perfect  condition.     There  is  nothing  more  annoying 
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than  a  bad  toothache  under  conditions  where  expert  treatment  is  not 
available.  If  toothache  develops  accompanied  by  swelling  locate  the  cavity 
and  break  into  it  allowing  the  gases  to  escape.  If  the  toothache  is  a  sharp 
shooting  pain  with  no  swelling  it  is  probably  an  exposed  nerve.  Pack  the 
cavity  with  cotton  saturated  with  clove  oil,  laudanum  or  chloroform.  If 
toothache  develops  without  an  apparent  cavity  the  application  of  heat  to 
the  seat  of  the  pain  will  often  cause  relief. 

The  teeth  should  be  brushed  at  least  twice  a  day  using  a  good  tooth 
powder  or  castile  soap. 

An  unclean  condition  of  the  mouth  renders  a  person  more  liable  to  attacks 
of  influenza,  bronchitis  and  pneumonia. 

Care  of  the  Feet.i — i.  A  good  marching  shoe  should  be  large  enough  in  all 
directions,  but  not  too  large.  If  the  foot  moves  in  the  shoe  it  is  liable  to 
chafe  and  blister.  A  common  defect  in  shoes  is  that  they  are  too  tight  over 
the  instep  and  too  loose  across  the  ball  of  the  foot.  If  the  leather  forward 
of  the  instep  is  too  slack,  wrinkles  will  form.  Folds  of  leather  and  rough 
inner  seams  should  be  avoided.  ^  The  inner  edge  of  the  shoe  should  be  almost 
straight,  the  sole  thick  and  wide,  projecting  beyond  the  upper  leather. 
The  heel  should  be  low  and  broad,  and  the  toe  of  the  shoe  should  be  of  such 
a  length  that  there  will  be  no  pressure  on  the  ends  of  the  toes  or  toenails. 

2.  The  toenails  should  be  cut  straight  across,  a  little  behind  the  end  of 
the  toe,  and  should  not  be  rounded.  Any  tendency  to  ingro\i^ng  should 
receive  treatment  at  once. 

3.  Corns  and  callosities  are  due  to  pressure  and  friction  from  unhygienic 
shoes.  When  between  the  toes  they  are  soft;  on  other  parts  they  are  dry 
and  hard.     They  often  render  men  unfit  for  duty. 

Treatment. — (a)  Remove  the  cause  by  wearing  hygienic  shoes.  Soak 
the  feet  well  in  hot  water,  thoroughly  disinfecting  them  with  bichloride 
(i  part  bichloride  of  mercury  to  2000  parts  water)  or  other  disinfectant 
and  then  pare  the  corn  or  callus  down  with  a  sharp  knife  without  wounding 
the  skin.  The  hands  of  the  person  and  the  knife  should  be  sterilized  before 
the  operation  is  performed.  Fragments  of  glass  and  sandpaper  should 
not  be  used  on  corns.  Persons  should  be  cautioned  about  the  care  and 
treatment  of  corns  as  a  slight  wound  of  the  foot  ma^  lead  to  lockjaw  or 
blood  poisoning.  Soft  corns  should  be  treated  by  applying  a  dusting  powder 
like  anstol  on  cotton  or  gauze  between  the  toes. 

(6)  Apply  the  following  collodion  paint  with  a  camel's-hair  brush,  night 
and  morning,  for  several  days,  then  soak  the  feet  in  hot  water,  and  the  corn 
will  come  away  painlessly: 

Acid  salicylic i  dram 

Extract  cannabis  indicae 10  grains  . 

CoUodii I  ounce 

M.  C.  Corn  paint. 

4.  Blisters. — Save  the  skin;  drain  at  the  lowest  point  with  a  clean  needle* 
Protect  with  adhesive  plaster.  ^ 

5.  Excessive  and  Foul  Perspiration. — Excessive  perspiration  often  leads 
to  foot  soreness,  blisters,  fissures,  and  corns  and  may  be  offensive. 

(a)  Mild  cases  will  be  relieved  by  dusting  into  the  shoe  and  onto  the  foot 
the  following  "foot  powder." 

Acid  salicylic 3  parts 

Pulverized  amyli 10  parts 

Talci • 87  parts 

This  foot  powder  may  be  used  with  benefit  before  a  march,  especially 
in  case  of  sore  or  tender  feet.  •; 

(b)  Severe  cases  will  be  relieved  bv  soaking  the  feet,  after  a  preliminary 
scrub  with  soap  and  water,  in  a  solution  of  permanganate  of  potassium. 
The  stain  should  be  left  on  the  feet.  The  solution  should  be  gradually  in* 
creased  from  i  per  cent,  to  6 -per  cent,  and  the  treatment  continued  nightly 
for  three  weeks.     The  foot  powder  should  be  used  during  the  day. 

(c)  Another  method  of  treatment  is  to  sprinkle  a  few  drops  of  formalin 
into  the  shoe  each  morning.  ■         -  , 

6.  The  feet  should  be  well  greased  with  tallow  or  neat's  foot  oil  before  a 

i  Quoted  from  the  Landing  Force  and  Small  Arms  Instructions  <^  the 
U.  S.  Navy. 
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march;  or  the  inside  of  the  stockinjss  should  be  covered  with  a  stiff  lather 
of  common  yellow  soap  well  rubbed  xn,  or  the  foot  powder  may  be  freely  used, 

7.  Should  the  stockings  cause  pain,  the  pressure  is  sometimes  relieved 
by  shifting  them  to  the  other  foot  or  by  turning  them  inside  out.  Within 
two>  hours  after  reaching  camp  the  feet  should  be  wiped  off  with  a  wet 
cloth,  clean  stockings  put  on,  and  those  which  are  removed  washed  for  the 
following  day,  if  possible. 

8.  Men  unaccustomed  to  marching  may  toughen  their  feet  by  soaking 
them  in  strong,  tepid,  alum  water  (a  teaspoonful  to  a  pint.) 

Fly  and  Mosquito  Dopes. — During  certain  seasons  field  work  is  made  very 
annoying  in  thickly  wooded  county  oy  flies  and  mosquitoes  and  unless  some 
relief  is  obtained  a  man  taking  notes  gets  nervous  and  makes  mistakes. 

Small  flies  such  as  punkies  and  mosquitoes  will  not  bite  if  the  face  and 
hands  are  covered  with  oil  of  citronella  or  a  mixture  of  H  wood  tar  oil  and 
yi  sweet  oil.  The^  citronella  evaporates  rapidly  and  has  to  be  renewed  at 
short  intervals  but  it  does  not  stain  a  notebook:  and  has  a  rather  pleasing  odor. 

The  tar  oil  is  more  lasting  and  is  more  effective  but  is  rather  of  a  dirty 
looking  mess  although  the  odor  is  not  unpleasant.  It  will  stain  a  notebook 
or  plam  table  sheet  and  can  not  well  be  used  on  the  hands  of  a  man  doing 
this  class  of  work. 

Insect  Bites  and  Stings. — Spider  bites  and  bee  stings  can  be  relieved  by 
moistened  baking  soda  applied  on  the  bite  or  Hartshorn  and  water  half 
and  half.  Ice  cold  water  will  reduce  the  swelling  after  the  pain  has  been 
relieved. 

Vermin  and  Insect  Pests. — Accidents  will  happen  in  the  best  regulated 
families  and  the  author  has  often  frantically  hunted  for  a  cure  for  these 
evils  that  are  encountered  in  logging  camps  and  picked  up  in  all  sorts  of  ways. 

Fleas. — A  house  may  be  rid  of  fleas  by  sprinkling  flaked  naphthalene  on 
the  floors  and  leaving  the  rooms  closed  for  a  numoer  of  hours.  Kerosene 
will  kill  them.  Chloroform  is  useful  in  killing  fleas  on  the  body  as  it  can 
be  i>oured  through  the  clothing  directly  on  the  spot  where  the  flea  is  located. 

Lice. — There  are  three  kinds  of  lice,  head  lice,  body  lice  and  crab  lice. 

The  following  data  on  vermin  is  quoted  from  the  Health  Service  Bulletin 
No.  17. 

*•  Every  effort  should  be  made  to  free  the  body  from  lice  and  their  eggs  if 
one  should  be  so  unfortunate  as  to  become  infested  with  these  insects. 
The  head  louse  is  destroyed  by  washing  the  hair  with  a  mixture  of  equal 
parts  of  kerosene  and  vinegar,  care  being  taken  that  it  does  not  run  down 
over  the  face  or  neck.  The  vinegar  dissolves  the  sticky  substance  which 
binds  the  nits  to  the  hair,  and  the  kerosene  kills  the  lice.  Gasoline  is  as 
effective  as  kerosene,  but  it  should  not  be  used  as  its  inflammability  is  much 
greater  than  kerosene.  The  danger  of  burning  a  patient  in  case  either  of 
these  preparations  is  employed  should  be  borne  in  mind,  and  the  patient 
shouldTbe  outdoors  at  the  time  of  application  and  remain  outside  until  the 
hair  becomes  dry.  Several  applications  at  intervals  of  two  or  three  days 
are  required,  as  the  nits,  or  eggs,  are  hard  to  kill.  These  may  sometimes  be 
combed  from  the  hair  with  a  fine-toothed  comb.  The  body  louse.  Uves  in 
the  clothing,  so  this  should  be.  boiled  or  baked.  If  this  is  impossible  the 
clothing,  and  especially  the  seams,  should  be  ironed  with  a  hot  iron.  An 
efficient  method  is  to  soak  the  clothing  in  gasoline,  or  the  vapor  of  gasoline 
may  be  forced  through  them.  Another  less  expensive  method  is  to  put  the 
clothes  for  half  an  hour  in  a  soapy  solution  to  which  2  per  cent,  of  tri- 
chlorethylene  has  been  added.  A  good  application. to  the  body  is  a  solution 
made  by  mixing  i  part  of  gasoline  with  3  parts  of  vaseline.  This  prepara- 
tion is  noninflammable  under . working  conditions.^  An  ointment  made  by 
mixing  5  parts  of  naphthalene  with  95  parts  vaseline  is  also  useful  for  this 
purpose.  Pubic  lice,  commonly  known  as  "crabs,"  are  destroyed  by  the 
application  of  white  precipitate,  or  mercurial  ointment. 

"  Lenz  found  that  he  could  eradicate  lice  from  prisoners  at  Pucheim  (near 
Munchen)  by  means  of  finely  powdered  naphthalene.  A  handful  of  this 
material  is  put  into  the  patient  s  clothing,  introduced  through  the  opening 
at  the  neck.  He  is  made  to  sleep  at  night  with  all  his  clothes  on.  The  body 
heat  causes  the  naphthalene  to  evaporate,  the  vapor  killing  not  only  the 
lice  but  also  most  of  the  eggs.  This  treatment  should  be  repeated  every 
four  days  for  a  period  of  twelve  days. 

•'  In  the  British  Army  a  powder  composed  of  naphthalene  (96  parts) , 
creosote  (2  parts),  and  iodoform  (2  parts)  is  used.  About  two-thirds  of 
I  ounce  is  required  for  each  man.     Two  tablespoonfuls  of  an  ointment  made 
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of  crude  mineral  oil  (9  parts),  soft  soap  (5  parts),  and  water  (i  part)  is 
rubbed  into  the  interior  seams  of  the  clothing.  Articles  of  underclothing 
are  treated  by  dipping  and  wrin^ng  them  out  in  a  solution  of  i  per  cent, 
each  of  naphthalene  and  sulphur  m  benzene  or  gasoline. 

"  Itch  Mite. — The  itch  mite  is  a  small  parasite  which  burrows  into' the 
skin  and  produces  a  disease  known  as  the  itch  or  scabies. ,  The  irritation 
produced  by  the  mite  causes  scratching,  which  results  in  excoriations, 
papules,  and  postules  at  places  where  the  mite  has  entered. 

*'  Preyention. — A  person  with  the  itch  should  be  careful  not  to  shake  hands 
with  other  persons.  He  should  use  separate  towels  and  sleep  in  a  bed  by 
himself.  He  should,  as  far  as  possible,  keep  away  from  other  people,  par- 
ticularly children,  as  they  are  especially  susceptible  to  the  disease. 

"  Treatment. — The  patient  should  take  a  hot  bath,  using  plenty  of  soap, 
and  an  ointment  composed  of  powdered  sulphur  (a  teaspoonfuls)  and 
vaseline  (8^  tablespoonfuls)  should  then  be  well  rubbed  into  the  skin.  The 
treatment  is  continued  for  three  nights,  and  on  the  morning  of  the  fourth  day 
the  patient  takes  a  bath  and  puts  on  clean  clothing.  If  there  is  burning  of 
the  skin,  a  little  zinc  ointment  may  be  rubbed  in.  The  underwear  and 
bed  clothing  should  be  boiled  and  the  outerclothing  ironed  or  baked.  The 
treatment  should  be  repeated  after  an  interval  of  three  or  four  days  if 
itching  is  still  present.  Another  method  of  treatment  is  to  rub  the  body 
with  powdered  sulphur  every  night  for  a  week  after  taking  a  bath  and  also 
sprinkle  it  between  the  bed  sheets  at  night,  and  on  the  underwear  during 
the  day.    The  sheets  and  underwear  should  be  changed  each  day. 

*•  Ticks. — Ticks  are  believed  to  feed  upon  blood  alone.  ^  They  attach 
themselves  to  the  skin  of  man  and  animals  and  partly  burrow  into  it.  They 
hold  on  tenaciously.  If  carelesslypulled  off,  the  head  may  be  torn  £rom  the 
body  and  remain  in  the  skin.  Tne  eggs  of  ticks  are  deposited  upon  the 
ground.  The  larvae  are  six-legged  creatures  which  catch  hold  of  any  animal 
within  their  reach.  After  becoming  engorged  with  blood  the  larva  drops 
off  and  changes  to  the  third  or  nymph  stage.  The  nymph,  after  obtainixxjg 
more  blood  and  shedding  its  skin,  changes  to  the  adult  insect.  The  tick  is 
instrumental  in  spreadixig  Rocky  Mountain  spotted  fever  throughout  some 
parts  of  the  country.  It  should  be  removed  from  the  skin  by  means  of 
hartshorn,  kerosene,  turpentine,  or  carbolized  vaseline,  which  prevent  the 
head  remaining  in  the  skin.  Persons  traveling  through  woods  or  other 
places  in  a  tick-infested  country  should  stop  and  search  their  bodies  every 
two  or  three  hours  and  remove  any  ticks  that  may  have  attached  them- 
selves thereto. 

"  Bedbugs. — The  presence  of  bedbugs  in  dwellings  is  indicative  of  want 
of  care  and  cleanliness  as  to  bed,  bedclothes,  etc.,  and  means  should  be 
taken  to  exterminate  them  when  they  appear.  A  liberal  api)lication  of 
kerosene  oil  to  the  places  infested  is  prooably  the  b«it  means  of  lolling  them. 
There  are  preparations  of  gasoline  or  naphtha  sold  which  leave  no  stain 
when  sprayed  on  painted  or  papered  walls.  Badly  infested  rooms  may  be 
freed  from  bedbugs  by  fumigating  with  sulphur,  using  2  pounds  of  sulphur 
to  every  thousand  feet. 

"  Roaches. — Roaches  are  believed  to  be  responsible  for  the  conveirance  of 
tuberculosis,  diphtheria,  tjrphoid  fever,  tonsillitis,  and  possibly  some  other 
disease.  Thejr  spread  these  diseases  by  carrying  the  organisms  on  their 
feet  and  in  their  intestinal  canals  and  disseminating  them  over  food  supplies, 
boolra.  and  other  articles  in  daily  use.  Theyare  especially  abundant  m  the 
galleys  of  vessels  and  in  damp  kitchens.  They  appear  at  night  after  the 
fights  have  been  turned  off  and  overrun  everytning  in  the  room.  Roaches 
can  be  quickly,  cheaply,  and  completely  exterminated  from  ships  and 
houses  by  the  use  of  sodium  fluorid.  This  should  be  spread  with  a  rubber 
powder  blower  on  the  floors  near  the  walls  and  on  shelves  in  closets.  The 
powder  does  not  suffocate  the  insects,  but  sticks  to  their  feet.  They  clean 
it  off  with  their  mouths,  some  of  it  being  swallowed  and  causing  the  death 
of  the  insect.  As  sodium  fluorid  is  poisonous  to  man  in  doses  of  a  table- 
spoonful  or  more  care  should  be  taken  not  to  spread  it  over  articles  that 
are  to  be  eaten." 
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List  of  Medical  and  Surgical  Supplies  for  Medicine  Chests 
Medical  Supplies  (U..iS.  Health  Bulletin,  No.  17) . 


For  Vessels 


For  Homes 

and 
Factories 


Item 


I  pound 
I  pint 

3  ounces 
H  pint 

100 
I  yard 

4  ounces 
100 


100 
}4  pound 
I  pound 
100 
100 
100  . 


TOO 

H  pint 
I  pmt 
I  pint 
100 

xoo 
A  ounces 
H  pint 
>i  pint 

100 

100 

I  pint 
100 

100 

I  pint 
100 

I  ounce 
I  pint 
I  ounce 

H  ounce 
}i  pint 
I  ounce 

2  pounds 
H  pint 
4  ounces 
I  pound 
z  pint 
z  pint 
zoo 

1  pound 
4  ounces 

2  ounces 
H  pound 

I  pint 
M  pint 
100 

4  ounces 
I  pint 

2  ounces 
H  pint 

H  pound 
2  ounces 

4  ounces 
2  ounces 

H  pound 
I  ounce 
I  pint 

H  pint 

A  ounces 
H  ounce 

I  pint 
H  pint 

H  pint 

100 
z  pint 
I  pint 

100 

4  ounces 
100 

I  pint 
H  pint 
100 

100 

100 

1  pound 
H  pint 

2  ounces 
4  ounces 

100 

I  yard 
4  ounces 

TOO 


100 

A  ounces 
^  pound 
100 
100 
100 


Absorbent  cotton. 

Alcohol. 

Argyrol;  10  per  cent,  solution. 

Aromatic  spirit  of  ammonia. 

Aspirin,  5-grain  tablets. 

Belladonna  plaster  (i  year). 

Bicarbonate  of  soda  (baking  soda). 

POISON.     Bichloride   of   mercury.    Anti- 

septic   tablets   of   7*3   grains   each.     One 

tablet  to  a  pint  of  Vater  makes  solution  i 

I)art  of  bichloride  to  1000  of  water. 
Bismuth  subnitrate,  5-grain  tablets. 
Borax. 

Boric  acid  (boracic  acid)  powdered. 
Bromide  of  potash,  s-gram  tablets. 
Brown  mixture  lozenges. 
Calomel  and  soda  tablets,  each  Ho  g^ftin  of 

calomel  and  Ho  grain  of  bicarbonate  of 
'soda;  amber-colored  bottle  (i  year). 
Calomel  and  soda  tablets,  each  H  grain  of 

calomel  and   i    grain   of   bicarbonate  of 

soda;  amber  colored  bottle  (i  year). 
POISON.    Camphor  and  opium  pills. 
Camphorated  oil. 

POISON.     Carbolic  acid,  liquid,  pure. 
Castor  oil. 

Chlorate  of  potash,  5-G[rain  tablets. 
Compound  cathartic  pills,  vegetable. 
POISON.     Compound  solution  of  cresol. 
Copaiba,  5-minim  capsules. 
POISON.     Creosote,  beechwood. 
Dobell's  solution. 
Ear  drops,  formula:  Carbolic  acid,  i  fluid 

dram;  glycerin,  7  fluiddrams;  well  mixed. 
Epsom  salt. 

Essence  Jamaica  ginger. 
Essence  of  peppermint. 
Flaxseed  meal  (linseed  meal). 
POISON.    Formalin  (i  year). 
Glycerin. 

Iodide  of  potash,  5-grain  tablets. 
POISON.     Laudanum  (i  year). 
POISON.     Lead  and  opium  wash.     Shake 

well  before  using. 
Magnesia,  calcined,  heavy. 
Menthol  solution;  Menthol,  3  grains  liquid, 

petrolatum,  i  ounce. 
Mustard. 

POISON.     Oil  cloves. 
Olive  oil  (sweet  oil). 
POISON.     Oil     of     wintergreen     (methyl 

salicylate). 

POISON.     Paregoric. 
Permanganate  of  potash,  5-grain  tablets. 
Peroxide  of  hydrogen  solution  (i  year). 
POISON.     Picric  acid,  }i  per  cent,  solution. 
Quinine  sulphate,  5-grain  tablets. 
Salicylate  ox  soda,  5-grain  tablets.'^ 
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Meimcai.  Svftubs — jComtimmei) 


PorV. 


For  Homes 

and 

Factories 


Item 


lOO 

H  Vint 
I  quart 

lOO 
JOO 

H  pint 

H  pound 

I  pint 

Hpint 

H  pint 

H  pmt 

I  pint 

I  pound 

I  pound 


lOO 

4  ounces 
I  pint 
lOO 

lOO 

J       4  ounces 

4  ounces 

H  pint 

4  ounces 

4  ounces 

A  ounces 

H  pint 

H  pound 

I  pound 


Salol.  5-erain  tablets. 


S-grsLi 
of  ipc 


Ssrrup  ol  ipecac. 

Soap  liniment. 

POISON.     Stryclmine  sulphate.   H«-Srain 

tablets. 
POISON.     Sun  cholera  mixture,  15-minim 

tablets. 
Sweet  spirit  of  niter,  dark  colored  bottle 

(i  year). 
Tannic  acid. 
Tincture  of  green  soap. 
POISON.     Tincture  of  iodine  (i  year). 
Tincture  of  iron. 
Tincture  of  myrrh. 
Turpentine. 

Unguentine  (for  bums,  scalds,  etc.). 
Vaseline. 


These  medicines  will  remain  serviceable  until  used  if  kept  in  glass-stoppered 
bottles,  with  the  exception  of  those  marked  "i  year"  which  should  be  re- 
newed after  that  interval.  The  containers  of  all  articles  marked  "  i  year" 
should  be  plainly  marked  with  the  date  on  which  such  articles  are  received. 

For  bulky  articles  not  over  a  pint  of  each  need  be  kept  in  the  medicine 
chest. 

Special  bottles  with  a  rough  surface  must  be  used  for  poisonous  medicines. 
These  bottles  must  be  plainly  marked  POISON. 

Gauze  and  bandages  should  be  in  paraffin-paper  packages,  sealed  after 
sterilization. 

Catheters  and  other  rubber  goods  should  be  in  sealed  paraffin  packages  or 
envelopes,  slightly  dusted  with  sterile  talcum  on  the  inside  of  the  package. 

Scissors  and  instruments,  if  not  in  cases,  may  be  coated  with  paraffin, 
which  will  come  off  when  dipped  in  hot  water. 

Articles  marked  "i  year"  should  be  discarded  after  that  interval  and 
new  ones  obtained.  The  containers  of  all  articles  marked  *'i  year"  should 
be  plainly  marked  with  the  date  on  which  siich  articles  are  received. 
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Surgical  Supplies.  Etc. 


For  Vessels 


For  Homes 

and 
Factories 


Item 


2 

3  dozen 

I 

I  dozen 

I  dozen 
4 

I  dozen 
6 


I 
6 
I 
I 

I 


I 
6 
lo  yards 

lo  yards 
I 

6 
I 

2 

2  dozen 

I 

I 
6 


I 

3 
2 
I 
I 

4  pieces 


4  sheets 


I  dozen 

I 

I  dozen 

I  dozen 


I  dozen 
6 


I 

3 

I 

I 
z 


I 
6 
S  yards 

S  yards 

I 

6 

I 

2 

2  dozen 

I 

I 
3 


I 
2 

2 
I 
I 

2  pieces 


2  sheets 


Adhesive  plaster,  lo-yard  reel,  i  inch  wide. 

Applicators,  small,  wooden. 

Atomizers.  DeVilbiss. . 

Bandages,  2  inch  by  3  yard  (H  dozen  gauze 

and  H  dozen  muslin). 
Bandages,  2  inch  by  5  yard,  (M  dozen  gauze 

and  H  dozen  muslin). 
Bandages,  plaster  of  Paris,  3-inch.     Each 

contained  in  an  air  and   moisture  proof 

container. 

Bandages  (4  inch  by  5  yard  muslin). 
Bandages,  trian^lar  (Esmarch's  bandage), 

with  figures  printed  on  them  showing  the 

various  ways  they  can  be  used. 
Bistoury. 

Camel's-hair  brushes. 
Catheter,  rubber.  No.  20  F  (1  year). 
Corkscrew. 
Forceps,  artery  (hemostatic  forceps).     This 

can  be  used  to  grasp  a  bleeding  vessel  until 

it  can  be  tied,  or  until  the  doctor  arrives. 

A  catch  holds   the   grip   of   the  forceps. 

Sterilize  by  boiling. 
Forceps,    dressing  or  dissecting.     Will   be 

found  convenient  in  cleaning  up  a  wound 

and  applying  dressing;  also  in  removing 

splinters,  etc.     Sterilize  by  boiling. 
Fountain  syringe,  2  quart  (i  year). 
Urethral  syringes,  glass. 
Gauze,    picric    acid.     Good    dressing    for 

wounds  and  scalds. 
Gauze,  plain,  sterile. 
Hot  water  bottle,  rubber,  2  quart  (i  year). 

Metal  bottle  preferred. 
Medicine  droppers. 
Medicine  glass. 
Nail  brushes. 
Safety  pins,  large. 
Scissors,    dressing,    surgeon's,    for    cutting 

gauze  and  bandages.  Sterilize  by  boiling, 
Shears,  for  cutting  cotton  and  muslin,  etc. 
Splints,     wooden.     Straight     and    angulai 

splints  made  of  this  board,  as  described  in 

chapter  on  "Fractures." 
Spool  of  silk  ligature,  medium  size. 
Surgical  needles,  in  glass-stoppered  bottles. 
Thermometer,  clinical,  Fahrenheit. 
Tooth  forceps,  incisor. 
Tooth  forceps,  molar. 
Wire  gauze,  made  of  heavv  mesh  malleable 

wire.     When  well  padded  can  be  wrapped 

around  a  fracture  lor  temporary  dressing. 
Yucca  palm  (a  thin  fiber  Doard).     Can  be 

wrapped  around  a  fracture  for  temporary 

dressing. 
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UST  OF  REMEDIES  MENTIONED  AND  THEIR  USES 

(U.  S.  Health  Bulletin  No.  17) 

Doses.— -Voless  otherwise  stated,  the  doses  mentioned  in  this  book  are 
intended  for  adults.  To  determine  the  dose  for  children,  add  12  to  the  age 
of  the  child  and  divide  the  age  of  the  child  by  this  sum.  This  fraction 
will  represent  the  size  of  dose  compared  with  that  for  an  adult.    For  example, 

a  child  6  years  old  will  require  r-^^ —  «■  -^  or  one-third  of  the  adult  dose. 

Caution. — Preparations  containing  opium,  such  as  laudanum,  paregoric, 
camphor  and  opium  pills,.  Sun  Cholera  Mixture  tablets,  etc.,  should  not  be 
used  except  where  absolutely  necessary,  as  their  continued  use  is  liable  to 
produce  the  drug  habit. 

Alcohol. — Externally  is  useful  as  a  mild  antiseptic  wash^  for  wounds. 
As  a  liniment,  pure- or  diluted  with  from  i  to  3  parts  of  water,  is  cooling  and 
stimulating. 

AigjTol, — Useful,  in  10  to  20  per  cent,  solutions,  as  drops  for  sore  eyes, 
also  as  injection  for  gonorrhea. 

Aromatic  Spirit  of  Ammonia. — Useful  in  hysteria,  faintness,  headache, 
flatulent  colic,  nervous  debility,  and  as  a  stimulant  in  shock.  Dose:  H  to 
I  teaspoonful  in  water  every  half  hour  until  three  doses  are  taken. 

Aspirin  (s-grain  tablets). — Useful  in  rheumatism,  neuralgia,  and  head- 
ache.    Dose:  i  to  2  tablets  with  hot  water  or  tea  every  three  hours. 

Belladonna  Plaster. — Useful  in  coughs,  colds,  rheumatism  in  joints  and 
arms,  lumbago,  and  pains  in  small  of  back.  Should  be  worn  only  long 
enough  to  have  the  desired  effect.  If  the  throat  becomes  dry  or  the  pupils 
dilated,  indicating  belladonna  poisoning,  the  plaster  should  be  removed. 

Bicarbonate  of  Soda  (baking  soda). — Internally  useful  in  sour  stomach 
and  heartburn.  Dose:  H  to  i  teaspoonful  in  half  tumbler  of  water.  Repeat 
in  half  an  hour  if  necessary. 

Bichloride  of  Mercury  Tablets  (poison,  7.3  grains  each). — One  tablet 
dissolved  in  from  2  to  5  i>ints  of  water  makes  a  powerftil  and  efficient  solu- 
tion for  washing  and  dressing  wounds,  sores,  and  boils.   Do  not  use  internally. 

Bismutii  Subnitrate  (5-grain  tablets).-:— Useful  in  dysentery,  diarrhea,  and 
heartburn.     Dose:  2  to  4  tablets  every  three  hours.     (Crush  before  taking.) 

Borax. — Useful  in  sore  mouth.  One  tablespoonful  dissolved  in  a  pint  of 
water  and  used  as  a  mouth  wash  several  times  a  day. 

Boric  Acid  (boracic  acid). — One-half  teaspoonful  may  be  dissolved  in  a 
glass  of  water  and  used  as  a  lotion  for  the  eye  or  ears. 

Bromide  of  Potash  (5-grain  tablets). — Useful  in  neurasthenia,  con- 
vulsions, and  delirium  tremens.  Dose:  3  to  5  tablets,  dissolved  in  water, 
three  times  a  day. 

Brown-mixture  Lozenges. — Useful  in  bronchitis,  coughs,  and  colds. 
Dose:  i  lozenge  allowed  to  dissolve  slowly  in  mouth,  to  be  rei)eated  as 
required. 

Camphor  and  Opium  Pills  (poison). — Useful  in  relieving  pain  in  diarrhea 
and  dysentery.     Dose:  i  pill  every  three  hours  until  4  are  taken. 

Calomel  (Ko-srain  tablets). — ^Useful  in  constipation  and  dysentery. 
Dose  for  aduUs  and  children:  Take  2  tablets  every  15  minutes  until  20 
tablets  are  taken.  When  from  4  to  6  hours  have  elapsed  a  Seidlitz  powder 
or  a  dose  of  Rochelle  or  Epsom  salt  should  be  taken.  The  dose  of  the 
Seidlitz  powder  or  salt  should  be  proportionate  to  the  age  of  the  patient. 

Camphorated  Oil  (for*  external  use  only). — In  sprains,  bruises,  neu- 
ralgia, rheumatism,  and  pains  and  swellings  of  the  breasts  or  joints  it  should 
be  gently  rubbed  on  the  painful  part.  Applied  on  hot  flannel  to  chest  and 
neck  for  colds. 

Carbolic  Acid,  Liquid  (poison).-— Useful  as  in  antiseptic  and  disinfectant 
when  mixed  in  the  prroportion  of  i  part  of  acid  to  100  parts  of  hot  water. 
Useful  without  dilution  to  arrest  the  development  of  boils  and  carbuncles 
and  as  an  application  to  ulcers  and  venereal  sores.  ^  Should  be  applied 
cautiously.  Tne  suiface  should  be  merely  touched  with  a  small  piece  of 
cotton  moistened  with  a  drop  of  the  acid,  care  being  taken  not  to  bum  the 
surrounding  skin.     Do  not  use  internally. 

Castor  Oil. — Useftd  in  constipation.     Dose:  i  to  2  tablespoonfuls. 

Chlorate  of  Potash  (5-^ain  tablets). — Useful  in  sore  throat  and  sores 
in  mouth.  Directions:  Dissolve  5  or  6  tablets  in  a  wineglass  of  water  and 
use  IM  a  gargle  or  mouth  wash* 
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Compound  Cathartic  Pills,  Vegetable. — Useful  in  constipation.  Dose: 
I  to  3  pills  at  night. 

Compound  Solution  of  Cresol. — Useful  as  antiseptic  and  disinfectant 
when  mixed  with  water  in  from  i  to  3  per  cent,  solutions.  Do  not  use 
internally. 

Copaiba  (5-minim  capsules). — Useful  in  gonorrhea  and  inflammation 
of  the  bladder.     Dose:  x  to  2  capsules  t^ee  times  a  day. 

Cream  of  Tartar. — In  small  doses  (i  to  2  teaspoonfuls  in  sweetened 
water)  acts  as  a  cooling  aperient,  gently  opening  bowels.  In  large  doses 
(i  to  2  tablespoonfuls)  is  a  hydrogogue  cathartic,  causing  free,  watery  stools. 

Creosote,  Beechwood  (poison). — Useful  in  toothache^  i  to  a  drops  on  a 
piece  of  absorbent  cotton  introduced  into  the  clean  cavity,  care  taken  that 
It  does  not  come  in  contact  with  the  gums,  tongue,  or  cheek.  Do  not  use 
internally. 

Dobelrs  Solution. — Useful  as  an  antiseptic  wash  or  spray  for  nose  and 
throat  in  nasal  catarrh  and  bronchitis. 

Epsom  Salt. — Useful  in  constipation  and  dysentery.  Dose:  i  to  2 
tablespoonfuls  dissolved  in  as  little  water  as  possible.  A  little  lemon  juice 
and  sugar  may  be  added  to  disguise  somewhat  its  bitter  taste. 

Essence  Jamaica  Ginger.—- tJseful  in  cramps,  colic,  indigestion,  and  gas 
in  stomach.     Dose:  i  teaspoonful  in  sweetened  water. 

Essence  of  Peppermint. — Useful  in  cramps,  colds,  gas  in  stomach,  and 
colic.  Dose:  10  drops  to  H -teaspoonful  in  sweetened  water  or  on  sugar. 
Externally  is  useful  in  rheumatism,  neuralgia,  and  toothache. 

Flaxseed  Heal.-7-Useful  as  hot  poultice  to  applv  to  boils  and  felons. 
Compresses  wet  with  hot  bichloride  solution,  i  tablet  to  5  pints  of  hot 
water,  are  better.  To  prepare  flaxseed  poultice  a  receptacle  containing 
boiling  water  should  be  placed  on  the  Are,  the  flaxseed  meal  should  be 
gradually  added  and  constantly  stirred  untU  the  batter  is  jellylike.  This 
should  be  evenly  spread,  with  a  thicknSss  of  from  ^  to  H  inch,  to  within 
3  or  3  inches  of  the  border  of  a  cloth  prepared  for  tnat  purpose  by  folding 
in  two  or  three  layers.  To  prevent  the  poultice  from  aohenng  to  the  skin 
any  of  the  following  may  be  placed  on  its  surface:  Gauze,  mosquito  netting, 
cheesecloth,  vaseline,  or  sweet  oil. 

Formalin  (poison). — Used  as  a  disinfectant  generally  in  connection 
with  permanganate  of  potash,  as  follows:  For  every  1000  cubic  feet  of  room 
space  to  be  disinfected  use  ^  pound  of  permanganate  of  potash,  powder  or 
crystals,  and  from  i  to  i^  pints  of  formalin.  Add  tne  permanganate 
of  potash  to  the  fornialin  contained  in  a  deep  tin  pail.  Effervescence  begins 
at  once,  the  room  is  tightly  closed,  and  the  operation  is  over  in  about  10 
minutes.  After  12  hours  the  room  is  oi>ened  and  the  odor  removed  by 
sprinkling  ammonia. 

Glycerin. — Is  a  mild  and  healing  application  for  sores,  chaps,  etc.  When 
mixed  with  an  equal  quantity  of  water  is  useful  in  earache,  hard,  irritated, 
or  feverish  sldn,  chapped  face  or  hands,  split  lips,  and  chafing. 

Iodide  of  Potash  (5-grain  tablets). — Useful  in  syphilis.  Dose:  i  tablet 
dissolved  in  water  three  times  a  day  after  meals. 

Laudanum  (poison). — Useful  in  easing  pain  in  dysentery  and  cholera 
morbus.    Dose:  5  to  30  drops. 

Lead  and  Opium^  wash  (poison)  (shake  well  before  using).' — Soothing 
external  application  in  sprains  and  bruises. 

Lemon  juice.— Useful  in  fevers^  and  inflammatory  complaints.  Hot 
lemonade  on  retiring  is  useful  to  aid  in  the  relief  of  a  cold  in  its  first  stages. 

Lime  Water. — Internally  is  useful  in  soothing  sick  stomach,  heartburn, 
diarrhea,  and  in  dyspepsia  attended  with  acidity  of  the  stomach.  Dose: 
I  to  3  tablespoonfuls.  For  sick  stomach,  to  be  repeated  after  each  effort 
to  vomit.  Externally  as  liniment  (mixed  with  an  equal  quantity  of  linseed, 
cottonseed,  or  oUve  oil)  for  bums  and  scalds. 

Magnesia,  Calcined,  Heavy. — Useful  in  sick  headache,  dysp^ia,  sour 
stomach,  and  heartburn.  Dose:  ^  to  i  teaspoonful  one  hour  after  meals, 
and.  being  mildly  laxative,  for  constipation  in  doses  of  ^  to  i  teaspoonful. 

HentiiioL — Useful  in  oily  solutions  (menthol  3  grains,  liquid  petrolatum 

1  ounce)  as  cooling  drops  in  nose  in  colds  in  the  head.     Ten  drops  should  be 
placed  in  each  nostril  with  a  medicine  dropper. 

Mustard. — Externally  is  useful  to  draw  the  blood  to  the  surface  in  case 
of  pain  where  skin  is  not  broken.  Should  be  employed  as  a  plaster  or 
povutice,  made  as  follows:  i  part  of  mustard  is  thorougnly  mixed  with  from 

2  to  4  parts  of  flour  and  made  into  a  paste  by  the  addition  of  a  small  amount 
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of  tepid  water.  This  is  then  spread  thinly  to  within  i  or  2  inches  of  the 
border  of  a  cloth  prepared  by  folding  in  two  or  three  layers  of  old  cotton 
cloth.  The  amount  of  mustard  depends  upon  the  degree  of  pain,  the  age 
of  the  patient,  etc.  Care  should  be  taken  that  the  mustard  does  not  blister 
the  skin.  As  a  rule,  mustard  plasters  or  poultices  should  not  be  applied  to 
children  and  old  people,  as  they  may  blister  the  surface.  Internally  given 
to  produce  vomiting,  i  tablespoonful  stirred  to  a  cream  with  a  cupful  of 
tepid  water. 

Oil  of  Cloves  fpoison). — Useful  in  toothache,  being  applied  the  same  as 
creosote.     (See  above.)  / 

Olive  Oil  (sweet  oil). — Internally  "is  useful  in  constipation.  Dose: 
2  to  3  tablespoonfuls.  Externally  is  a  soothing  application  to  blistered, 
burned,  scalded,  or  other  injured  surfaces,  also  to  piles. 

Oil  of  Wintergreen  (methyl  salicylate). — Useful  when  mixed  with  an 
equal  amount  of  olive  oil,  as  an  application  for  the  relief  of  neuralgia,  rheu- 
matism, and  painful  joints.  The  oil  should  be  gently  rubbed  on  the  paihful 
area.  If  used  about  the  head  care  should  be  taken  that  none  gets  into 
the  eyes. 

Paregoric  (poison). — Useful  in  quieting  cough  and  relieving  pain  in  the 
stomach  and  bowels  and  to  check  diarrhea.     Dose:  i  to  2  teaspoonfuls. 

Perinans;aiiate  of  Potash. — Useful  in  gonorrhea  as  an  injection;  ^  tea- 
spoonful  dissolved  in  2  quarts  of  water.  ^  One  teaspoonful  to  a  quart  of 
water  makes  an  efficient  wash  for  perspiring  feet.  Useful  in  snakebites 
in  the  form  of  a  concentrated  solution  which  should  be  injected  freely  and 
immediately  into  and  around  the  part  which  has  been  bitten.  Useful  as 
a  general  antiseptic  in  solution  (i  tablespoonful  dissolved  in  a  quart  of 
water).     As  a  disinfectant,  see  "Formalin." 

Peroxide  of  hydrogen  solution  is  cleansing  and  slightly  antiseptic.  Useful 
as  a  gargle  in  sore  throat,  diluted  Tijjith  an  equal  quantity  of  water.  Useful 
to  apply  to  wounds,  boils,  and  abscesses,  after  diluting  with  from  i  to  3 
parts  of  water. 

Picric  Acid  (poison). — Dissolve  in  water  (H  P^r  cent,  solution).  Useful 
to  wet  dressings  with,  as  an  application  to  burns. 

Quinine  Sulphate  (5-grain  tablets). — Useful  in  malaria,  colds,  and  as  a 
general  bitter  tonic. ^  Dose:  i  tablet  three  times  daily.  Dose  as  tonic: 
yi  oi  a.  tablet  three  times  a  day. 

Salicylate  of  Soda  (s-grain  tablets). — Useful  in  rheumatism,  neuralgia, 
and  headache.     Dose:  i  to.  2  tablets  every  three  hours. 

Salol  (s-grain  tablets). — Useful  in  diarrhea,  dysentery,  rheumatism,  and 
fermentative  dyspepsia.     Dose:  i  tablet  three  times  a  day. 

Syrup  of  Ipecac. — Useful  in  croup,  bronchitis,  cough,  and  hiccough. 
Dose:  10  drops  everv  three  hours.  Also  used  to  produce  vomiting  in  doses  of 
I  to  2  tablespoonfuls. 

Soap  Liniment  (for  external  use  only). — Useful  in  rheumatism,  sprains, 
and  bruises. 

Spirit  of  Camphor. — Internally  is  useful  in  nervous  diarrhea,  colic  and 
cramps.  Dose:  5  to  30  drops,  first  added  to  sugar  and  then  mixed  with 
water. 

Strychnine  Sulphate  (poison)  (Ho  grain  tablets). — Is  a  bitter  tonic  and 
stimulant  and  is  useful  in  anemia  and  d3rspepsia.  Dose:  i  tablet  three 
times  a  day. 

Sun  Cholera  Mixture  (poison)  (15-minim  tablets). — Useful  in  diarrhea, 
dysentery,  and  cholera  morbus.     Dose:  i  tablet. 

Sweet  Spirit  of  Niter. — Useful  in  fevers,  flatulent  colic,  and  colds.  Dose: 
I'i  teaspoonful  in  sweetened  water  every  four  hours. 

Tannic  Acid  (tannin). — Useful  in  hemorrhages  from  external  surfaces 
or  from  mucous  membrane  which  can  be  reached  from  without.  Applied 
either  pure  or  in  solution  in  water  or  glycerin.  Useful  as  an  application 
wherever  powerful  astringent  action  is  needed. 

Tincture  of  Green  Soap. — Cleansing  hands. 

Tincture  of  Iodine  (poison,  for  external  use  only). — Useful  to  disinfect 
wounds;  should  be  diluted  with  an  equal  quantity  of  alcohol  or  water.  If 
painted  over  inflamed  surfaces,  will  sometimes  be  of  value. 

Tincture  of  Iron. — Useful  as  a  tonic.  Dose:  10  drops  largely  diluted 
with  water,  three  times  a  day.  Rinse  mouth  after  taking.  Should  be 
taken  through  a  straw. 

Tincture  of  Myrrh. — Useful  in  diseased  gums  and  sore  throat.  Direc- 
tions: For  spongfy  and  bleeding  gums,  apply  with  a  sponge  or  soft  brush. 
For  sore  throat,  use  as  a  gargle,  i  teaspoonful  in  a  cupful  of  water. 
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Turpentine. — Used  in  the  form  of  hot  turpentine  stupes  in  typhoid  fever, 
pneumonia,  colds,  bronchitis,  lumbago,  pleurisy,  and  inflammation  of  the 
bowels^  The  stupes  are  prepared  by  wringing  a  double  layer  of  thin  flannel 
out  of  a  pint  of  hot  water  with  which  a  teaspoonful  of  turpentine  has  been 
mixed.  These  applications  should  not  be  ijrepared  too  close  to  a  fire  on 
account  of  the  inflammability  of  the  turpentine. 

Ungttentine. — Useful  in  burns,  scalds,  and  inflammation.  Spread  on 
linen  or  cotton  cloth  and  apply. 

Vaseline. — Internally  and  externally  useful  for  the  relief  of  cold  in  the 
chest.  Externally  useful  in  cold  in  the  head,  soothing  irritated  surfaces, 
bums  and  scalds,  and  as  a  protective  dressing. 

Zinc  Sulfthate  (poison). — Useful  in  gonorrhea  as  an  injection,  made  in 
the  proportion  of  >i  teaspoonful  to  i  pint  of  water.  Is  given  internally 
in  doses  of  ^  to  H  teaspoonful  dissolved  in  water  to  produce  vomiting. 


COMMON  SICKNESS 


Stomach  and 

BOWBLS 

Constipation 
Stomach  ache 
Diarrhea 
Dysentery 


Fevers 
Typhoid  fever 
Marlarial  fever 


Throat  and 

Lungs 
Sore  throat 
Pneumonia 


Miscellaneous 
Headache 

Sunstroke 

Rheumatism 

Influenza 

Gonorrhea 

Nephritis 

Piles 

Poison  ivy 

In  case  of  serious  sickness  get  the  Patient  to  a  settlement  where  he  can  receive 
proper  nursing  and  medical  care. 

CONSTIPATION 

Constipation  should  be  promptly  corrected.  Mild  cases  will  generally 
respond  to  cathartic  pills.  Epsom  salts  can  be  used  or  a  couple  of  table-' 
spoonfuls  of  castor  oil. 

Obstinate  cases  require  injections  of  warm  water  with  olive  or  castor  oil 

COUC  (STOMACH  ACHE) 

Mild  cases  can  be  treated  with  lo  drops  essence  of  peppermint  or  a  tea- 
spoonful of  Jamaica  ginger  in  hot  water.  ^ 

Obstinate  cases  often  require  an  injection  to  clear  the  bowels  and  a  dose 
of  ID  drops  of  laudanum  in  water  taken  internally;  if  the  pains  persist  a 
second  dose  of  laudanum  can  be  repeated  in  two  hours. 

DIARRHEA  AND  DYSENTERY 

Mild  diarrhea  caused  by  poor  diet  will  generally  respond  to  a  mild  laxative 
(cathartic  pills  or  castor  oil).  The  diet  should  consist  of  light  articles  such 
as  weak  broths,  soft  boiled  eg^s,  milk  and  thoroughly  toasted  bread.  The 
patient  should  remain  in  bed  if  the  attack  is  at  all  severe  and  in  this  case 
after  the  bowels  have  moved  freely  in  response  to  the  cathartic  if  the  diarrhea 
or  pain  continues  give  one  camphor  and  opium  pill  repeated  after  three  hours 
if  necessary. 

DYSENTERY 

Dysentery  occurs  in  its  most  dangerous  form  in  the  tropics  but  will  respond 
as  a  rule  to  immediate  treatment. 

Cattse. — Bad  food,  unripe  fruit,  impure  drinking  water,  exposure  to  cold 
and  dampness  yirhile  probably  not  the  direct  cause  are  contnbutary  to  the 
disease. 

Prevention. — Boil  all  drinking  water  and  be  careful  of  diet.  Avoid  ex- 
treme exposure. 

Symptoms. — May  or  may  not  be  chills.  Some  fever.  Tongfue  furred  and 
moist,  then  red  and  dr^  or  brownish  and  glazed.  First  stools  like  simple 
diarrhea.  Soon  are-  simple  mucus  or  a  mixture  of  -blood  and  mucus. 
Patient  complains  of  colicky  pains  in  his  belly  and  a  burning  sensation  in 
the  rectum  and  constantly  desires  to  go  to  stool. 

Treatment  (Health  Bulletin  No.  i?)- — Rest  in  bed.  Stop  all  solid  food. 
Give  2  tablespoonfuls  of  castor  oil  and  15  drops  of  laudanum  in  one  dose 
and  if  necessary  repeat  the  dose  in  six  hours.  After  the  bowels  have  been 
thoroughly  cleared  out,  give  a  pill  of  camphor  and  opium  every  three  hours. 
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Hot  applications  should  be  placed  on  the  abdomen.  Washing  out  the 
rectum  with  a  pint  of  warm  water  and  then  injecting. 3  ounces  of  thin  starch 
containing  25  to  30  drops  of  laudanum  will  relieve  the  burning  sensation. 

After  two  or  tUtee  days  if  the  disease  continues  the  castor  oil  may  be 
again  given,  the  treatment  repeated. 

Diet  should  be  limited  to  thin  porridge  milk  and  broths.  Patient  must 
be  kept  warm  in  bed  in  even  light  cases. 

TYPHOID  FEVER 

Cause. — Typhoid  fever  is  a  contagious  disease.  It  is  generally  con- 
tracted bv  drinking  infected  water  or  milk  or  eating  food  that  has  been 
prepared  by  a  person  just  recovering  from  the  disease. 

Prevention. — Care  m  regard  to  water  and  milk  supply. 

SymptomB. — Headache,  diarrhea,  cramps  in  the  abdomen,  nosebleed, 
loss  of  appetite,  coated  tongue,  dry  mouth  and  fever  which  is  higher  each 
day  than  on  the  day  previous.  The  stools  are  foul  smelling  and  (u^the  con- 
sistency of  pea  soup. 

Duration. — Pour  to  seven  weeks.     Convalescence  is  slow. 

Treatment  (U.  S.  Health  Bulletin. No.  17). — Place  the  patient  in  bed  and 
do  not  let  him  get  up.  When  he  desires  to  have  an  action  of  the  bowels,  the 
bedpan  should  be  used.  He  should  have  a  liquid  diet,  plenty  of  water,  milk, 
and  thin  soups,  which  should  be  given  in  liberal  quantities,  a  cupful  every 
two  hours;  no  solid  food  should  be  allowed  until  xo  days  after  the  fever  has 
subsided.  The  temperature  should  be  watched  and  the  patient  bathed  with 
cold  water  whenever  the  fever  rises  above  39**  C.  (102.2'*  P.).  Ice-bags, 
if  obtainablie,  applied  to  his  abdomen  and  chest  will  assist  in  keeping  the 
temi^erature  down.  .One  should  also  be  applied  to  the  head  ii  there  is 
delirium.  If  there  is  distension  of  the  abdlomen  hot  turpentine  stupes 
should  be  applied.  .  This  is  done  by  wringing  a  double  layer  of  thin  flannel 
out  of  hot  water  with  which  a  teaspoonful  of  turpentine  per  pint  of  water 
has  been  mixed.  An  injection  of  a  pint  of  warm  water  containing  a  tea- 
spoonful  of  turpentine  is  also  beneficiau.  The  bowels  should  be  kept  open  by 
injections  of  warm  soapy  water.  In  case  of  collapse  give  coffee  or  inject 
hot  coffee  or  salt  solution  (one  teaspoonful  of  salt  to  a  pint  of  water)  into 
the  bowel. 

MALARIAL  FEVER 

Cause.— Malarial  fever  is  caused  by  germs  generally  transmitted  by  the 
bite  of  mosquitoes. 

Prevention. — Protect  bed  by  mosquito  bars.  Avoid  location  of  camp 
near  stagnant  pools  or  other  features  favorable  to  mosquito  breeding.  In 
localities  where  malarial  fever  is  prevalent  take  6  grains  of  quinine  every 
day.     This  is  an  important  preventative  measure. 

Medical  authorities  state  that  the  use  of  quinine  as  a  preventative  has 
reduced  the  number  of  cases  per  1000  men  per  year  from  275  to  50. 

Treatment  (Health  Bulletin  No.  17). — When  a  chill  occurs,  the  patient 
should  at  once  be  wrapped  in  blankets  and  be  given  hot  drinks.  Hot-water 
bottles,  heated  bricks  or  stones  wrapped  in  cloth  or  in  a  separate  piece  of 
blanket,  should  be  placed  at  the  feet.  Mustard  plasters  may  also  be  applied 
to  the  extremities  and  over  the  region  of  the  heart. 

During  the  hot  stage  cold  drinks  may  be  administered;  if  it  is  severe  a 
tepid  bath  in  a  tub  or  by  means  of  a  sponge  may  be  given.  If  the  tem- 
perature is  very  high,  105*  or  106**  P.,  a  cold  bath  should  be  given. 

As  soon  as  the  sweating  sta^e  begins  10  or  15  grains  of  quinine  should 
be  taken,  and  along  with  this,  if  the  bowels  are  not  freely  open,  a  calomel 
tablet,  one-tenth  grain  each,  should  be  given  every  i^  minutes  until  10 
have  been  taken.  Every  six  hours  thereafter  the  patient  should  take  5 
grains  of  quinine  for  two  or  three  days  and  then  5  grains  three  times  daily 
for  the  next  two  weeks. 

If  vomiting  occurs,  a  mustard  plaster  may  be  placed  over  the  region  of 
the  stomach,  above  the  navel,  and  cracked  ice  may  be  given  by  the  mouth. 
Headache  may  be  relieved  by  cold  applications  or  by  10  grains  of  aspirin 
taken  with  a  cup  of  hot  tea. 

In  pernicious  types  of  malarial  fever  the  treatment  should  be  more  active. 
No  time  should  be  lost  in  giving  the  quinine;  20  grains  should  be  given 
immediately,  with  2  grains  of  calomel.  A  physician  should  be  summoned 
if  the  services  of  one  can  be  obtained,  as  dilute  solutions  of  quinine  may  have 
to  be  injected  into  the  patient's  veins  in  order  to  save  his  life. 
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SOItE  THROAT  (TONSILLITIS,  QTHNST) 

Sore  thxx>at  is  a  common  disease.  It  is  usually  the  result  of  exposure  to 
wet  and  cold.  Talking,  laughing,  or  shouting  in  a  damp,  cold  atmosphere 
is  sometimes  the  cause  of  it.  It  may  accompany  or  be  an  extension  from 
an  ordinarv  "cold  in  the  head."  It  is  a  complication  of  diphtheria,  scarlet 
fever,  smallpox,  tuberculosis,  and  syphilis.  It  is  caused  also  by  drinking 
milk  drawn  from  cows  with  sores  on  their  teats.  Sometimes  the  inflamma- 
tion is  limited  to  the  mucous  membrane  of  the  pharynx  and  soft  palate:  it 
is  then  known  as  pharyngitis  or  acute  catarrhal  sore  throat.  More  fre- 
quently the  tonsils^  are  affected,  and  the  inflammation  is  then  called  ton- 
£llitis.  When  the  inflammation  is  more  deeply  seated  behind  the  tonsil  and 
tends  to  suppurate  or  form  an  abscess,  the  term  "quinsy"  is  applied.  An 
attack  of  sore  throat  may  last  from  a  to  lo  days,  or  longer. 

Symptoms  of  acute  sore  throat  are  chilliness  and  feverishness,  pain  or 
soreness  oii  swallowing,  dryness,  or  a  tickling  or  scratching  sensation  in 
the  throat. 

There  is  liable  to  be  stiffness  and  some  tenderness  along  the  side  of  the 
neck.  If  one  or  both  tonsils  are  involved,  as  they  ulually  are  to  a  greater 
or  less  extent,  the  symptoms  are  more  severe.  In  marked  cases  exammation 
shows  redness  and  swelling  of  the  parts  affected — swollen  tonsils  (tonsillitis) 
and  white  or  cream-colored  spots  may  be  seen  on  the  surface  of  one  or  both 
tonsils.  .  (This  form  of  the  disease  is  frequently  mistaken  for  diphtheria.) 
There  may  be  high  fever  and  great  prostration. 

In  the  severest  form  of  tonsillitis  (quinsy)  the  tonsil  is  hard  and  swollen 
to  twice  or  tlu-ee  times  its  natural  size,  and  the  patient  is  unable  to  swallow 
or  to  open  his  mouth  beyond  a  fraction  of  an  inch.  The  saliva  dribbles 
away;  if  supptiration  occurs  the  tonsil  gradually  softens  until  the  abscess 
brealra.  With  the  discharge  of  pus  the  severe  pain  is  relieved  and  the 
patient  rapidly  recovers.  If  the  abscess  is  large,  and  if  the  pus  is  discharged 
in  a  backward  direction,  there  is  danger  from  suffocation,  particularly  if 
the  abscess  breaks  during  sleep.  Fortunately  the  abscess  usually  points 
toward  the  mouth,  and  the  pus  runs  out. 

Treatment — Persons  who  are  subject  to  attacks  of  sore  throat  should 
keep  their  feet  drv  and  be  careful  not  to  catch  cold.  If  a  case  develop, 
G;ive  a  gargle  of  salt  water  or  potassium  chlorate  and  water  (saturated  solu- 
tion), or  boric  acid  and  water  may  be  applied  to  the  tonsil.  Dry  bicarbonate 
of  soda  (baking  soda)  is  highly  recommended  as  a  local  application,  a  small 
quantitv  to  be  applied  eveir  hour.  Apply  cold  water  or  a  light  ice-bag  to 
tne  neck,  or  a  thick  piece  ox  flannel  saturated  with  ice^  water  may  be  placed 
around  the  neck  and  covered  with  muslin.  Small  pieces  of  ice  placed  in 
the  mouth  are  usually  agreeable.  The  bowels  should  be  kept  open  by  means 
of  Epsom  salt. 

If  the  cold  applications  to  the  neck  do  not  give  relief,  or  ,if  they  are  not 
agreeable  to  the  patient,  apply  hot  water  or  poultices  and  give  hot  gargles, 
or  let  the  patient  gargle  with  hot  tea.  If  the  swelling  is  very  great,  he  can 
not  gargle.    If  practicable,  send  for  a  physician. 

IXIFLITBNZA 

The  disease  begins  like  a  cold.  There  are  pains  in  the  head,  eyes,  an 
limbs;  a  watery  discharge  from  the  nose,  chflly  sensations,  sore  throat, 
cough,  and  extreme  muscular  prostration.  The  sputum  is  of  a  dirty  yellow- 
ish color.  There  may  be  abdominal  symptoms  such  as  nausea,  diarrhea, 
vomiting,  and  cramps.  There  is  fever,  which  varies  according  to  the  in- 
tensity of  the  disease.  There  are  many  varieties  of  the  disease,  and  any 
organ  of  the  body  may  be  attacked.    Pneumonia  is  a  frequent  complication. 

Prevention. — Care  should  be  taken  that  no  one  suffering  from  the  disease 
coughs  in  your  face.  Keep  away  as  much  as  possible  from  such  arsons. 
A  cold  in  l^e  head  or  on  the  chest  may  be  due  to  the  influenza  baculus,  so 
do  not  sleep  with  persons  suffering  from  these  conditions. 

Treatment. — Aspirin.  5  grains  every  three  hours,  often  relieves  the  pains. 
A  mild  purgative  such  as  a  Seidlitz  powder  should  be  given.  The  tendency 
to  diarrhea  should  be  remembered,  so  strong  purgatives  such  as  salts  should 
not  be  administered.  When  there  is  pain  m  the  abdomen  a  camphor  and 
opium  pill  is  of  value.  A  light  diet  such  as  milk  and  soups  should  be  taken. 
Steaming  the  nose  and  throat  by  inhaling  steam  from  a  teapot  filled  with 
hot  water  into  which  a  small  lump  of  camphor  has  been  dropped  will  relieve 
to  some  extent  the  congestion  of  those  structures. 
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PHBUHONIAi 

Cause. — The  germ  responsible  for  the  disease  is  generally  conceded  to  be 
present  in  the  bodies  of  all  healthy  people  but  only  causes  sickness  when 
the  resistance  of  the  victim  is  lowered  for  some  reason.  Chilling  after 
extreme  exertion  and  long-continued  exposure  to  cold  often  bring  on  the 
trouble. 

Symptoms. — Severe  chill,  high  fever,  difficult  breathing  and  pain  in"  the 
chest.  The  sputum  is  abundant,  and  is  a  rusty  brown.  The  pulse  is  at 
first  full  and  later  weak  and  rapid.  The  fever  in  typical  cases  lasts  for 
7  to  9  days  and  then  in  favorable  cases  droi)S  to  normal  in  a  few  hours. 

Treatment. — The  essential  feature  of  the  treatment  of  pneumonia  is  to 
see  that  the  patient  gets  plenty  of  cold  fresh  air.  Oftentimes  no  other  treat- 
ment is  necessary.  The  bed  should  be  placed  upon  a  porch,  or^if  this  is 
impossible,  all  the  windows  of  the  sick  room  should  be  wide  open.  The 
patient  should  be  well  covered,  and  hot-water  bottles  or  hot  bricks  should  be 
placed  near  his  feet  to  keep  them  warm,  care  being  taken  not  to  bum  him. 
Once  a  day  the  patient  should  be  moved  to  a  warm  room  and  given  a  sponge 
bath.  The  pain  in  the  side  can  be  relieved  by  a^mustard  plaster  (p.  453) 
or  by  the  administration  of  one-fourth  of  a  grain  of  morphine  sulphate. 
Two  grains  of  calomel  and  four  grains  of  sodium  bicarbonate  followed,  in 
about  six  hours,  by  a  Seidlitz  powder  should  be  given  on  the  first  day,  and 
the  bowels  should  be  kept  open  thereafter  by  a  small  dose  of  salts  given  each 
day.  The  patient's  strength  should  be  conserved  by  giving  him  a  glass  of 
milk  or  a  bowl  of  soup  every  two  hours  during  the  day,  and  also  at  night 
when  he  is  not  sleeping.  Solid  food  should  not  be  given,  as  it  will  cause 
gas  in  the  stomach,  which  may  press  against  the  heart  and  seriously  inter- 
fere with  its  action.  Milk  is  the  best  food,  but  sometimes  it  produces  gas. 
in  which  case  soups  alone  should  be  used. 

HEADACHE 

Headache  is  not  a  disease  in  itself;  it  is  the  symptom  of  some  other  disease 
and  if  it  occurs  frequently  a  physician  should  be  consulted. 

Treatment. — Temporary  relief  can  often  be  obtained  by  taking  10  grains 
of  aspirin  repeated  m  three  hours  if  necessary.  Open  the  bowels  with  ar 
cathartic. 

POISON  IVY 

Treatment. — Bath  with  salt  water  or  a  boric  acid  solution,  i  teaspoonful 
in  a  glass  of  hot  water.  Open  the  large  blisters  and  let  the  wat«-  out. 
Every  day  bath  the  infected  areas  with  warm  water,  dry  without  rubbing 
and  apply  the  boric  acid  solution. 

SORE  EYES 

Inflammation  of  tilie.  Membrane  Covering  tbe  Bye. — Caused  by  grit, 
dust,  exposure  to  cold,  etc. 

Symptoms. — Eye  painful.  Eyeball  red  and  lids  swollen.  Pain  increased 
by  exposing  eyes  to  light.     Water  runs  from  eyes. 

Treatment. — Wash  eyes  out  every  two  hours  with  boric  acid  solution  (i 
teaspoonful  of  acid  in  a  glass  of  warm  water).  A  few  drops  of  zinc  sulphate 
solution  (H  grain  to  i  ounce  of  water)  should  be  placed  in  the  eyes  every 

three  hours.  

SUNSTROKE 

Cause. — Prolonged  exposure  to  strong  rays  of  the  sim  or  high  humid 
temperature.  .  .  .  •    1 

Prevention. — Proper  head  and  spme  protection  under  tropical  sun  and 
avoidance  of  travel  under  extreme  conditions  of  heat.  Drink  water 
sparingly.     Oatmeal  water  quenches  thirst  in  small  quantities. 

There  are  two  varieties  of  trouble.  .    ,  .  , 

No.  I. — Heat  stroke  (heat  fever)  in  which  the  body  temperature  is  high. 

No.  2. — Heat  prostration  in  which  the  surface  of  the  body  is  cool  sometimes 

below  normal.  ,.„•,.-.. 

The  difference  is  very. important  as  the  treatments  are  radtcaUy  different. 

Symptoms  and  Treatment 
No.  X  Heat  Stroke. — Severe  cases  the  victim  may  fall  unconscious  and 
die  instantly.     The  usual  case  manifests  intense  headache,  dizziness,  nausea, 

1  Briefed  from  Health  Bulletin  No.  17. 
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vomiting  and  hot  skin.  Teniperattire  may  reach  105"  F.  Pulse  full  and 
may  be  either  slow  or  rapid.  Patient  sinks  into  stupor  and  unconsciousness. 
They  may  recover  under  treatment  or  die  within  twenty-four  hours. 

Treatment  (heat  stroke). — Reduce  temperature  of  body  at  once  by 
cold  water  bath,  ice  pack  on  head  till  temperature  of  body  as  shown  by. a 
thermometer  in  the  rectum  is  reduced  to  100  **  P.  If  the  temperattire  rises 
again  repeat  the  treatment. 

If  the  patient  is  exhausted  after  the  reduction  in  temperature  give  strych- 
•nine  sulphate  Ko  grain. 

No.  2  heat  prostratioa  with  a  cool  skin  and  weak  rapid  pulse  stunulants 
are  required.  Wrap  patient  in  blankets,  hot-water  bottles  at  feet  and 
around  abdomen;  give  ^0  grain  strychnine  sulphate.  If  head  is  hot. 
cold-water  pack  can  be  applied  to  head  only.  If  vomiting  occurs  inject  hot 
salt  water %olution  into  rectum  (x  tablespoonful  of  salt  to  i  pint  of  water). 

ICtrSCULAH  RHEUMATISM 

In  this  disease  the  muscles  most  frequently  affected  are  those  of  the  back 
(lumbago),  side  of  neck  (stiff  neck  or  wry  neck)t  and  side  of  chest  (pleuro- 
dytiia).  Exposure  to  cold,  sudden  cooung  01  the  body~-especially  after 
active  exercise  and  sitting  in  a  draft  of  air — are  the  chief  causes  or  exciting 
causes. 

As  a  rule  there  are  no  symptoms  other  than  the  stiffness  and  i>ain  on 
motion.-  The  muscles  may  be  slightly  swollen  and  very  sensitive.  Some- 
times the  attacks  come  on  suddenly  and  apparently  without  cause,  or  follow- 
ing a  slight  twist  or  strain,  as  a  "kink  in  the  back,"  or  patient  may  wake  up 
in  the  morning  with  a  stiff  neck. 

In  treating  acute  cases  salicylate  of , soda  or  aspirin  may  be  given. in  5-  or 
to-grain  doses  every  three  hours  until  four  or  six  doses  are  taken. '  Apply 
hot  applications,  drv  heat,  hot-water  bag,  or  a  hot  poultice  locally,  or  the 
heat  may  be  applied  by  a  flatiron  over  folds  of  flannel  or  a  piece  of  blanket 
and  the  rheumatism  "ironed  out.'*  Later  apply  liniment  with  friction 
(massage).  Keep  the  affected  muscles  at  rest.  If  the  muscles  of  the  chest 
are  affected,  apply  strips  of  adhesive  plaster,  the  same  as  for  fractured  rib^ 
Acute  attacks  are  of  short  duration,  but  relapses  are  not  .uncommon,  and 
chronic  forms  are  frequently  met  with.  Good  food,  fresh  air,  and  attention 
to  the  general  health  are  especially  important  in  the  treatment  of  chronic 
muscular  rheumatism. 

ACUTB  RHEUMATISM  (RHEUMATIC  FEVER) 

This  is  a  comparatively  common  disease. in  aU  climates  within  the  Tem- 
perate Zone.  It  occurs  chiefly  during  the  winter  and  spring.  Exposure  to  a 
cold,  damp  atmosphere  is  the  most  frequent  exciting|cause  in  persons  pre- 
disposed to  the  disease. 

It  may  or  may  not  begin  with  a  chill  or  with  a  sore  throat.  The  larger 
joints  are  usually  affected.  Swelling,  heat,  redness,  tenderness,  and  pain 
are  the  chief  symptoms.  The  inflammation  is  apt  to  shift  from  one  joint 
to  another.  ^  The  pain  and  fever  are  usually  increased  in  proportion  to  the 
number  of  joints  involved.  The  majority  of  cases  are  attended  with  pro- 
fuse perspirations,  scanty,  highly  acid  unne,  coated  tongue,  and  constipa- 
tion.    The  heart  is  frequently  involved. 

In  treating,  wrap  the  joint  in  cotton  or  flannel;  keep  it  very  quiet — 
the  slightest  movement  ap:gravates  the  pain.  '  Flannel  wrung  out  of  hot 
water  and  applied  to  the  joint  sometimes  affords  relief.  A  liniment  com- 
posed of  10  to  50  per  cent,  of  pil^of  wintergreen  in  olive  oil  may  be  applied 
on  a  piece  of  flannel  if  the  pain  is  severe,  or  cold  applications  may  he  em- 


ployed if  agreeable  to  the  patient. 
PU 


'lace  the  patient  in  a  good  bed,  and  let  him  wear  flannel  next  to  his 
skin.     Change  the  flannel  frequently,  and  bathe  the  body  with  tepid  water. 

For  internal  medication  give  salicylate  of  soda  or  aspirin  in  doses  of 
10  grains  every  two  hours  until  about  eight  doses  are  taken  or  the  pain  is 
relieved:  then  give  it  in  smaller  doses  of  from  3  to  5  grains  every  six  hours. 

The  food  should  be  soft  and  nourishing  and  given  every  three  hours. 
Epsom  salt  should  be  given  to  keep  the  bowels  open.  The  patient  should 
be  kept  in  bed  for  a  few  days  after  the  svmptoms  have  subsided.  The 
duration  of  the  disease  is  very  uncertain.  The  acute  symptoms  may  subside 
in  a  few  days  and  the  patient  may  be  up  and  about  in  a  week  or  10  days,  but 
relapses  are  common,  and  the  acute  may  pass  into  the  subacute  or  chronic 
form. 
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GONORRHEA  (CIAP) 

Tk'eatment  (Health  Bulletin  No.  17). — Rest  in  bed,  light  diet,  plenty  of 
water  to  drink,  regularity  in  eating  and  sleeping.  Keep  the  bowels  open  by 
taking  a  moderate  dose  of  Epsom  salt  in  the  morning.  Avoid  strong  coffee 
and  tea,  all  stimulants,  and  greasy  articles  of  food.  Keep  the  body  and 
mind  at  rest.  Bathe  frequently  in  hot  water.  Be  very  careful  not  to  carry 
any  of  the  pus  from  the  urethra  to  the  eyes.  (Gonorrheal  inflammation  of 
the  eyes  is  a  serious  disease,  which  not  infrequently  results  in  total  blindness.) 

Give  a  copaiba  capsule  three  times  a  day.  If  much  pain  in  the  t>ack 
or  over  the  region  of  the  kidneys  follows  the  use  of  the  copaiba,  it  must  be 
discontinued  for  a  time  or  the  dose  lessened. 

Injections  of  silvol  s  iMtrts,  water  90  parts;  argyrol,  10  per  cent,  solution; 
permanganate  of  potash  I  part,  water  5000  parts;  or  sulphate  of  anc  i 
grain,  water  i  ounce,  into  the  urinary  canal  may  be  used.  They  should  be 
employed  as  follows:  The  i>atient  first  passes  his  water,  the  unnary  canal 
is  then  washed  out  with  several  svringes  full  of  warm  water.  One  of  the 
above  solutions  is  then  injected  slowly  into  the  canal  and  held  there  five 
minutes  by  the  watch.  The  best  syringe  for  this  purpose  is  one  made  of 
glass,  having  a  plunger  wrapped  with  cotton  thread.  If  a  testicle  swells, 
a^ly  cloths  wrung  out  of  cold  water,  or  an  ice-bag.  Rub  the  affected  part 
with  the  following  mixture:  Oil  of  wintergreen  (10  drops)  and  olive  ofl  (i 
teaspoonful).  If  chordee  is  troublesome,  apply  cloths  wrung  out  of  cold 
water. 

FILBS 

Cause.— Often  due  to  chronic  constipation. 

Prevention.— Keep  bowels  regular  and  easy. 

Treatment  (U.  S.  Health  Bulletin  No.  i?). — In  acute  attacks,  if  the  bowels 
are  constipated  give  a  full  dose  of  Epsom  salt;  put  the  patient  on  light,  soft 
diet.  Apply  ice  to  the  anus  or  inject  cold  water  into  the  rectum.  An  oint- 
ment composed  of  5  grains  of  menthol  mixed  with  2  tablesjx>onfuls  of 
vaseline  often  affords  great  relief.  If  the  piles  protrude,  especially  if  they 
become  strangulated,  they  should  be  pushed  back  with  the  nnger;  olive  oil, 
or  vaseline  may  be  applied.  If  the  piles  are  lar^  and  persistently  painful, 
see  a  surgeon  and  have  them  removed  by  operation,  wmch  is  the  omy  sure 

cure.  

KIDNB7  DISSASB  (ACUTB  NBPHRITIS) 

Cause. — Expose. to  cold  and  dampness.  « 

S7mptom8.-~Amount  of  urine  is  materially  reduced.  Generally  the 
color  is  dark  red  of  brown  and  contains  albumen  which  can  be  detected  by 
boiling  a.  teaspoonful  with  a  few  drops  of  vin^^ar.  The  presence  of  albumen 
is  shown  by  a  cloudy  precipitate  in  the  boiled  urine.  Other  symptoms  may 
be  headache,  vomiting,  diiurhea,  convulsions  and  unconsciousness. 

Treatment — Put  patient  to  bed,  keep  him  warm  and  in  acute  cases  in» 
duce  sweating  by  hot  blaiUcets,  etc.  Put  him  on  a  milk  diet  and  give  him 
all  the  water  he  wants.  Keep  the  patient^  as  quiet  as  possible  and  after 
the  albumen  has  disappeared  from  the  urine  avoid  cold,  dampness  and 
excessive  exercise  for  some  time  as  convalescence  is  slow.  During  con- 
yalescence  avoid,  eating  red  meats. 

FIRST  AID  FOR  ACCIDENTS 

As  mentioned  on  page  445  all  the  data  on  First  Aid  are  quoted  from 
Bulletin  No.  17  by  the  courtesy  of  the  department  which  was  glad  to  co- 
operate to  make  the  data  available  for  emergencies. 
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FIRST  AID  461 

U.  S.  HEALTH  SBRVICB  BULLETIN  NO.  17 

By  Surgeon  R.  M.  Woodwaxd 

Roles  to  be  Observed  in  Time  of  Accident 

1.  Give  the  patient  air. 

2.  Lay  the  patient  down,  head  lower  than  the  body. 
3>  Rip  the  clothes  off  the  injured  part. 

4.  In  removing  a  coat  or  shirt,  first  release  the  good  arm.  then  the  injured 
one. 

5.  Turn  the  head  to  one  side  to  allow  vomited  matters  to  escape  from 
the  mouth. 

6.  Do  not  give  whisky  to  the  patient.  If  he  can  swallow,  and  needs  a 
stimulant,  give  coffee,  tea,  hot  milk,  or  hot  water. 

7.  Then  follow  directions  given  elsewhere  in  this  book. 

A  LIST  OF  DON'TS 

Don't  fail  to  send  for  the  doctor.     He  knows  best. 

Don't  leave  the  patient  in  order  to  go  for  the  doctor  if  there  is  any  one 
you  can  send.     He  may  need  your  moral  encouragement  if  nothing  more. 

Don't  get  excited.  An  appearance  of  agitation  on  your  part  will  dis- 
courage the  patient. 

Don't  hold  an  injured  person  on  his  feet,  nor  require  him  to  sit  in  a  chair. 
He  will  be  better  off  and  less  apt  to  faint  if  he  lies  down,  preferably  with  the 
head  low. 

If  you  have  a  first-aid  chest,  and  a  bottle  of  medicine  is  exhausted,  don't 
wait  until  you  need  it  again  before  having  the  bottle  filled. 

Don't  put  your  fingers  on  a  wound.  They  are  covered  with  germs,  and 
you  will  almost  surely  infect  the  wound. 

Don't  use  a  spider  web  or  a  quid  of  tobacco  on  a  wound.  They  are 
filthy,  do  no  good,  and  are  very  apt  to  infect  the  wound.  The  same  thing 
is  true  to  a  less  extent  in  regard  to  salves  of  various  kinds. 

Don't  place  cotton  next  to  a  wound.  Always  keep  at  least  one  layer  of 
gauze  or  boiled  cloth  between  the  cotton  and  the  raw  surface.  The  cotton 
sticks  to  the  wound  and  is  very  difficult  to  remove. 

Don't  apply  bandages  too  tightly. 

Don'-t  remove  a  dressing  to  see  how  a  wound  looks.  Let  the  doctor 
do  that. 

Don't  sit  down  at  the  bedside  and  discuss  with  the  callers  all  of  the 
horrible  accidents  you  ever  heard  of.  Your  conversation  will  not  be  ap- 
preciated by  the  patient. 

MINOR  ACCIDENTS 

Bruises,  sprains,  foreign  matter  in  eyes,  ears,  nose  and  throat. 

BRUISES  AND  CONTUSIONS 

A  bruise  or  contusion  is  an  injury  where  the  tissues  beneath  the  skin  have. 
been  torn  but  the  skin  itself  has  not  been  opened.  Blood  oozes  out  of  the 
injured  vessels,  but  can  not  escape,  as  the  skin  is  still  intact.  The  symptoms 
are  swelling,  tenderness,  and  a  feeling  of  soreness  or  pain.  Discoloration  of 
the  skin  occurs  quickly  in  superficial  contusions  and  in  places  where  loose 
tissue  abounds,  but  only  after  days  when  the  injury  is  deep-seated.  This 
discoloration  is  at  first  red  and  then,  successively.  j;>urple.  black,  green,  and 
yellow.  This  play  of  cdlors  is  due  to  the  changes  which  take  place  in  the 
blood  while  undergoing  absorption. 

Treatment. — A  pad  of  gauze  or  soft  towel  should  be  tightly  bandaged 
over  the  injured  peurt  to  stop  hemorrhage,  after  which  cold  should  be  apphed 
except  in  old  or  feeble  persons  or  where  the  contusion  is  extensive.  In 
the  latter  case  heat  is  best,  as  cold  might  cause  ^ngrene.  Evaporating 
solutions,  such  as  witch-hazel,  a  15  per  cent,  solution  of  alcohol  in  water. 
or  a  saturated  solution  of  Epsom  salt,  are^  often  found  of  great  benefit.  A 
contusion  should  never  be  opened  except  in  rare  cases  when  it  is  necessary 
to  stop  persistent  bleeding.  If  an  opemng  is  made  through  the  skin,  germs 
are  Uable  to  enter  and  cause  severe  inflammation,  resulting  in  the  formation 
of  pus. 

sprains. — ^A  sprain  in  a  stretching  or  wrenching  of  a  joint.  The  joints 
most  frequently  affected  are  the  ankle,  wrist,  knee,  and  shoulder. 
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The  symptoms  and  signs  are  pain,  swelling,  impairment  or  loss  of  motion, 
and  discoloration  from  effusion  of  blood.  When  there  is  much  swelling 
it  may  be  difficult  to  determine  whether  sprain  or  fracture,  or  both,  are 
present. 

As  explained  tinder  "Broken  Bones,"  page  484,  it  is  sometimes  very 
difficult  to  determine  whether  an  injury  near  a  joint  is  a  sprain,  a  bruise,  a 
broken  bone,  or  all  combined;  and  if  there  is  doubt,  the  case  should  be 
treated  as  a  broken  bone.  Injuries  about  the  ankle-joint  are  especially 
confusing,  and  sometimes  the  jc-ray  shows  a  fracture  that  could  not  have 
been  detected  in  any  other  way.  It  should  also  be  understood  that  a 
sprain,  particularly  if  some  of  the  soft  parts  about  the  joint  are*tom,  may  be 
much  longer  in  being  restored  to  a  normal  condition  than  if  a  simple  break 
of  the  bone  had  occurred  without  other  injury. 

Treatment. — Either  hot  or  cold  applications  are  good  first  aid  measures, 
but  they  should  be  distinctly  either  hot  or  cold,  and  not  tepid.  Soaldng 
the  part  for  half  an  hour  several  times  a  day  in  water  as  hot  as  can  be  borne, 
and  gently  rubbing  the  skin,  are  excellent.  If  it  is  more  convenient  to 
apply  a  bag  of  ice,  this  can  be  used,  but  the  heat  and  cold  should  not  alter- 
nate. ^  Propi>ing  the  part  up  on  pillows  assists.  If  there  is  much  pain,  great 
relief  is  obtained  by  surrounding  the  joint  with  a  thick  layer  of  cotton  and 
applying  a  plaster  bandage.  The  circulation  of  the  lower  part  of  the  limb 
should  be  watched,  and  if  found  to  be  impaired  the  bandage  should  be  cut 
from  above  downward  and  the  sides  spreiad  ajpart  to  relieve  any  constric- 
tion that  may  be  present.  ,  After  the  swelling  has^  subsided  somewhat, 
rubbing  with  any  kind  of  liniment  or  with  alcohol  will  help,  but  it  is  the 
rubbing  more  than  the  liniment  that  does  the  good-. 

It  is  popular  b^ef  among  laymen  that  a  large  quantity  of  liniment, 
perhaps  applied  on  flannel  cloth,  is  all  that  is  necessary,  and  that  the  rub- 
bing IS  omy  of  secondary  importance.  This  is  a  decided  mistake.  Later 
on  the  part  should  be  grasped  and  gently  moved  in  various  directions, 
making  what  is  known  as  passive  motion.  In  some  cases  this  is  inadvisable 
and  the  patient  appears  to  do  better  with  the  part  at  rest,  which  can  be 
obtained  by  strapping  the  joint  with  strips  of  sticking  plaster  or  placing 
the  limb  in  a  splint.  The  black  and  blue  condition  of  the  skin  that  some- 
times appears  will  gradually  subside  as  the  part  gets  better. 

FOREIGN  BODIES  IN  THE  EYE,  EAR,  NOSE  AND  THROAT 

Foreign  Bodies  in  the  Eye. — When  a  piece  of  steel,  a  cinder,  'or  any 
foreign  body  enters  the  eye,  nature  at  once  floods  the  eye  with  tears  in  an 
endeavor  to  wash  the  offending  agent  away,  and  frequently  succeeds. 
Sometimes,  however,  the  foreign  body  is  embedded  in  the  eyeball,  the  lid, 
or  other  part  of  the  ey4,  or  keeps  moving  about  from  one  part  to  another 
without  escaping;  then  assistance  is  necessary. 

Occasionally  dufawing  the  upper  lid  well  down  with  the  fingers,  and  allow- 
ing the  lashes  of  the  lower  lid  to  act  as  a  brush,  will  remove  the  body  if  it 
is  not  tightly  embedded.  Usually,  hpwever,  it  is, necessary  to  invert  the 
upper  lid;  in  other  words,  turn  it  inside  out.  This  is  not  difficult  with  a 
little  practice.  The  upper  eyelid  contains  a  piece  of  cartilage  or  gristle 
along  its  lower  edge  which  makes  it  easy  to  turn.  To  invert  the  eyelid 
face  the  patient,  or  stand  behind  him  as  seems  more  convenient;  have  hiim 
look  well  down  toward  the  floor;  take  hold  of  the  lashes  of  the  upper  lid 
with  the  fingers  and  thumb  of  one  hand;  they  lay  entirely  across  the  middle 
of  the  ejrelid  a  wooden  toothpick,  match,  knitting  needle,  lead  pencil,  or 
other  tmn  object  (Fig.*  89);  press  it  downward,  and  at  the  same  time 
gently  pull  the 'lashes  upward,  when  the  lid  will  suddenly  turn  inside  out 
(Pig.  90).  Drawing  down  the  lower  lid  by  simply  pressing  upon  it  will 
expose  its  inside  surface.  If  the  foreign  body  is  seen,  it  should  be  very 
gently  removed  with  the  comer  of  a  handkerchief.  If  it  is  partly  embedded 
in  the  eyelid,  it  may  be  possible  to  gently  dislodge  it  with  a  wooden  tooth- 
pick or  other  similar  object.  If  the  foreign  body  is  on  the  eyeball,  it  some- 
times requires  a  good  light,  good  eyesight,  and  even  a  magnifying  glass  to 
detect  it.  If  found,  it  should  be  removed  with  a  handkerchief  or  other  soft 
material,  but  if  embedded  too  tightly  to  be  removed  in  this  manner,  it  is 
best  for  the  layman  not  to  attempt  anjrthing  further  for  fear  of  greater 
injury  to  the  eye.  Under  such  circumstances  one_  or  both  of  the  eyes 
should  be  snugly  bandaged  with  soft  light  proof  material,  such  as  red  flannel. 
and  the  doctor  should  be  called  as  soon  as  possible.  The  patient  should  be 
cautioned  not  to  wink  his  eyes,  as  all  motion  will  increase  the  irritation. 
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If  you  have  su^eeded  in  removing  the  body,  and  the  eye  appears  very 
red,  a  little  sweet  oil,  dropped  in  will  be  very  soothing.  It  should  be  re- 
membered that  the  scratching  of  the  eyeball  makes  it  feel  as  if  the  body 
were  still  present  after  its  removal.  The  old  household  remedy  of  drop- 
ping a  flaxseed  into  the  eye  in  the  hope  that  in  slipping  about  it  may  dis- 
lodge the  body  is  said  by  specialists  to  do  no  good,  and  may  do  harm. 

roreign  Bodies  m  the  Ear. — Children  occasionally  place  buttons  or  similar 
objects  in  the  ear.  If  near  the  outlet,  they  can  sometimes  be  removed 
(in  the  absence  of  suitable  instruments)  by  gently  passing  along  one  side  a 
crochet  needle  or  other  similar  implement.  It  should  oe  remembered,  how- 
ever, that  the  drum  of  the  ear,  which  is  extremely  delicate,  and  means 
so  much  to  the  child  in  the  future,  is  only  a  short  distance  inside,  and  any 
effort  of  this  kind  made  by  the  layman 
should  be  very  gentle  indeed.  _  A 
stream  of  water  from  a  small  syringe 
may  wash  the  object  out.  _  If  these 
measures  do  not  succeed,  wait  for  the  . 
doctor  by  all  means.  Sometimes  an 
insect  crawls  into  the  ear.  The  actual 
physical  danger  is  less  than  the  mental 


Fig.  89, 


Fig.  90. 


horror,  as  the  insect  soon  dies.  A  little  sweet  oil  dropped  into  the  ear  may 
cause  the  insect  to  back  out  to  free  itself  from  the  unpleasant  predicament ; 
if  not  the  oil  will  kill  it. 

Foreign  Bodies  in  the  Nose. — If  near  enough  to  the  nostril  to  be  seen  the 
body  may  possibly  be  expelled  by  compressing  the  other  nostril  and  having 
the  patient  blow  his  nose  hard.  ^  A  fountain  sjrringe  placed  i  foot  above  the 
head,  the  nozzle  of  the  syringe  inserted  in  the  clear  nostril  and  the  patient's 
face  looking  somewhat  downward,  will  cause  the  water  to  gently  flow  in 
at  one  ^de  of  the  nose  and  out  at  the  other  side,  and  may  dislodge  the 
object.  A  crochet  needle  may  be  gently  tried  as  described  for  the  ear.  All 
these  things  failing,  wait  for  the  doctor. 

Foreign  Bodies  in  the  Throat. — If  the  body  can  be  seen  by  holding  the 
tongue  down  with  a  spoon  or  by  drawing  the  tongue  out  with  a  towel,  it 
can  sometimes  be  hooked  out  by  means  of  a  finger  passed  well  in.  If  the 
body  is  in  the  windpipe,  this  will  be  manifested  by  violent  coughing,  which 
may  dislodge  it.  Inverting  the  patient  and  slappng  his  back  mav  be  tried. 
If  these  measures  do  not  succeed,  then  use  every  effort  to  quiet  the  patient, 
and  if  practicable  send  for  a  physician.  If  the  bodv  is  in  the  gullet  on  the 
way  to  the  stomach,  vomiting  may  bring  it  up,  and  this  can  be  excited  by 
tickling  the  throat,  or  using  some  of  the  simple  vomiting  agents  mentioned 
in  the  data  on  poisons  (page  481)  provided  the  patient  can  swallow. 
If  it  is  not  dislodged,  and  is  known  to  be  an  object  without  sharp  edges,  as 
a  coin,  for  instance,  it  is  best  to  induce  it  to  go  on  into  the  stomach  by 
drinking  water,  eating  bread,  mashed  potatoes,  or  other  soft  food.  Once 
in  the  stomach  the  patient,  usually  a  child,  should  be  made  to  eat  all  the 
mashed  potatoes  he  can  possibly  hold,  and  a  large  dose  of  castor  oil  should 
follow.  The  potatoes  form  a  mass  around  the  foreign  body,  and  the  oil 
usually  pushes  this  mass  through  the  bowels  without  any  trouble  what- 
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ever.  The  stools  or  passages  should  be  carefully  watched  to  determine 
that  the  object  passes,  and  if  it  does  not,  the  doctor  should  be  consulted 
without  delay. 

SERIOUS  ACCIDENTS— FIRST  AID 

BITES  AND  STINGS  OF  POISONOUS  ANIMALS  OR  INSECTS 

Snake  Bites* — (Do  not  give  alcohol  or  ammonia.)  Poisonous  snake  bites 
must  receive  instant  treatment.  Fasten  a  bandage  or  handkerchief  above 
the  wound  and  twist  it  tight  to  prevent  the  flow  of  blood  toward  the  body 
and  heart.  Cut  the  wounded  flesh  out  so  that  it  bleeds  freely.  If  there  is 
anyone  with  you  get  -them  to  suck  the  wound  immediately,  thoroughly  and 
re^;>eatedly  spitting  out  the  blood  and  washing  their  mouth  with  water 
ehminates  ail  danger  to  them.  A  concentrated  solution  of  potassium 
permanganate  should  then  be  i>oured  into  the  wound  or  better  injected 
around  and  above  the  wound  using  the  full  charge  held  by  an  ordinary 
hypodermic  syringe.  (When  world^ig  in  a  snake  country  a  small  pocket 
case  containing  a  sharp  clean  lancet,  hypodermic  syringe  and  a  bottle  of 
potassium  permanganate  should  always  be  carried).^  The  ti^ht  bandajge 
cutting  off  the  flow  of  blood  must  be  loosened  within  ten  minutes  of  its 
application  to  permit  some  circulation  as  a  long  continued  stoppage  of  blood 
causes  gangrene  even  when  the  blood  is  allowed  to  circulate  freely  at  inter- 
vals of  ten  *to  fifteen  minutes  the  tight  bandage  should  be  removed  entirely 
within  a  couple  of  hours.  There  is  great  danger  in  its  prolonged  use.  Snake 
bites  treated  promptly  in  this  way  are  rarely  fatal  although  they  may 
make  the  victim  very  sick.  The  patient's  vitality  should  be  prompted  by 
hot  blankets,  water  bottles,  etc. 

Wilson's  Topographic  Surveying  states  that  in  addition  to  this  treatment 
the  only  sure  Cure  particularly  for  the  more  dangerous  tropical  snakes  is 
the  hypodermic  injection  of  Antivenene  serum.  "The  injection  is  made 
in  the  cellular  tissue  of  the  right  or  left  side  of  the  abdomen.  Treatment . 
should  be  immediate  for  best  results  although  it  may  be  successful  after 
as  much  as  three  or  four  hours.  If  there  is  time  the  skin  should  be  carefully 
cleansed  before  using  the  syringe,  the  needle  of  which  should  be  inserted 
deeply  closely  compressed  with  the  fingers  for  a  couple  of  minutes  and  then 
hastily  withdrawn. 

"Antivenene  serum  can  be  obtained  from  Les  Establissements  Poulenc 
Freres,  92  Rue  Vieille-du- Temple,  Paris.  The  serum  will  keep  for  years. 
Dose  10  cc.(  contents  of  one  flask),  or  for  large  snakes  as  the  cobra  20  cc.  or 
two  full  doses  at  once." 

Bite  of  Dog  or  Cat — This  is  usually  a  punctured  wound;  that  is  the 
teeth  enter  without  tearing  the  flesh,  and  the  wound  almost  entirely  closes, 
thereby  preventing  drainage  and  increasing  the  danger.  Sucking,  the  wound 
hard  repeatedly  and  washing  out  the  mouth  with  hot  water  may  remove 
some  of  the  poison.  Squeezing  is  less  effective.  The  wound  should  then 
be  burned  either  with  carbolic  acid  or  a  red-hot  iron  carried  to  the  bottom, 
and  the  skin  about  the  wound  should  be  scrubbed  with  alcohol  or  other 
antiseptic.  A  drain  of  several  strands  of  boiled  sewing  silk  should  be  pushed 
into  the  bottom  of  the  wound,  and  an  antiseptic  dressing  or  boiled  cloth 
applied  over  the  wound.  The  patient  should  then  be  taken  to  the  nearest 
place  where  the  Pasteur  treatment  to  prevent  hydrophobia  or  rabies  can  be 
secured.  The  hygienic  laboratory  of  the  United  States  Public  Health 
Service  in  Washington,  D.  C,  administers  this  treatment  without  cost. 

If  the  animal  is  known  to  be  mad  this  treatment  is  imperative,  and 
whether  mad  or  not  it  is  a  very  wise  precaution  and  relieves  the  anxiety 
of  the  patient. 

BLEEDING  (HEMORRHAGE) 

Kinds  of  Blood-vessels. — There  are  two  kinds  of  blood-vessels.  Those 
that  carry  the  blood  from  the  heart  to  all  parts  of  the  body  are  called  arteries. 
The  blood  in  them  is  bright  red,  and  escapes  in  pets  or  spurts  corresponding 
to  each  beat  of  the  heart.  Bleeding  from  these  is  more  dangerous  and  more 
difficult  to  control,  as  a  rule,  than  bleeding  from  the  vessels  that  return  the 
blood  to  the  heart.  Fortunately,  however,  the  larger  arteries  in  the  limbs 
lie  near  the  bones,  and  are  consequently  well  protected  in  most  parts  by 
the  mass  of  muscles  covering  them.  The  vessels  that  return  the  olood,  to 
the  heart  are  called  veins.  T^ey  contain  a  darker  blood  than  the  arteries, 
and  when  cut,  the  blood  escapes  in  a  steady  stream,  not  in  spurtk.    Whils 
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the  largest  veins  in  the  limbs  are  also  near  the  bones,  there  are  some  of  con- 
siderable size  just  under  the  skin. 

If  we  should  desire  to  stop  a  stream  of  water  flowixig  past  a  given  point, 
we  would  naturally  go  upstream  from  that  point  and  not  downstream  to 
adopt  the  necessary  measures.  When  there  is  bleeding  from  an  artery, 
the  Dlood  coming  from  the  heart,  the  artery  must  be  compressed  at  a  place 
between  the  heart  and  the  bleeding  point.  On  the  other  hand,  if  a  vein  is 
bleeding,  the  blood  flowing  toward  tne  heart  pressure  must  be  made  on  the 
vein  at  a  place  farther  from  the  heart  than  the  bleeding  point. 

Bleeding,  General  Treatment.-— Before  beginning  the  treatment  of  any 
wound  or  any  bleeding  point,  if  there  is  time,  the  operator  must  carefully 
cleanse  his  hands  ana  arms,  and  also  the  wound  and  surrounding  parts. 
The  instruments  and  siUc  ligature  should  be  boiled,  as  described  under  the 
head  of  wounds. 

In  the  after  treatment  of  severe  bleeding  the  patient  should  be  kept 
perfectly  quiet  in  mind  and  body,  his  head  should  be  lowered  by  raising 
the  foot  end  of  his  bed  or  bunk.     Give  him  plenty  of  fresh  air,  keep  his  body 
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warm  and  give  him  hot  drinks.  After  reaction  the  temperature  of  the  body 
may  rise  a  degree  or  two  above  normal,  but  if  this  should  continue  longer 
than  two  or,  at  most,  three  days,  the  dressing  should  be  removed  and  the 
wound  thoroughly  irrigated,  first  with  hot  water,  then  with  a  solution  of 
bichloride  of  mercury  (i  to  5000)  and  dressed  with  aseptic  gauze. 

Bleeding  from  Arteries. — There  are  certain  places  in  the  body  where  the 
arteries  are  not  covered  by  much  muscle,  and  can  be  easily  compressed 
against  bone.  These  places  are  shown  in  the  illustrations.  The  bleeding 
should  be  controlled  first  by  thumb  pressure  at  the  points  indicated  in  the 
illustrations,  and  if  the  services  of  a  doctor  can  be  secured  without  delay, 
this  will  be  all  that  is  necessary  until  he  arrives.  If  there  is  anv  doubt  as 
to  the  exact  place  at  which  pressure  should  be  made,  a  slight  shifting  of  the 
thumb  from  one  point  to  another  should  be  made  rapidly,  and  when  the 
bleeding  stops  it  indicates  that  the  i>roper  location  has  been  reached  and 
pressure  should  be  continuous  at  this  point.  If  a  doctor  is  not  within 
reach,  the  bleeding  must  of  course  be  controlled  by  some  other  device. 
When  the  bleeding  is  from  one  of  the  limbs,  and  some  distance  from  the 
body,  a  bandage  or  clean  handkerchief  should  be  wrapped  around  the  limb 
at  the  ]>oint  indicated  by  a  cross  in  the  illustrations  (Figs.  93  to  loa)  and 
dr&wn  tight  enough  to  stop  the  bleeding.  The  "Spanish  windlass"  (Pigs. 
91  and  93)  is  made  by  knotting  a  handkerchief  around  the  limb  loosely, 
passing  a  stick  through  the  slack  part,  and  taking  up  the  slack  by  twisting 
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will  be  oE  no  cotiMquence.     A 

"SpHouh  windlau"  should  b«  ^^^ -^^,  ^. 

emploi^.  this  should  be  diicoatintied.     Th 
aa  dacnbed  under  the  heading  "  Wounds." 

BiMdiac  from  Velni. — The  deep  veins  as        _  
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iiow'i  f>  tuD  oiocuiiiK  uuiut  <a<.9  -JJ  contral  the  bleedina.  a  Spanish  windlass 
should  be  applied  on  the  fu  side.  If  the  bleeding  vein  is  near  the  surface. 
it  mar  be  possible  in  some  cases  to  control  it  by  s  windlass  with  a  stone  or 
cork,  the  windlass  not  being  drawn  tight  enough  to  shut  08  the  deeper 
*~      *  I  bleedinff  from  veins  is  best  controlled  by  preasure 

aa  point,  but  the  thumb  ihould  be  covcrad  by  ■  dean 
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cloth,  such  as  a  hanillccrchief  or  towel.    Elevation  oF  the  part  and  removal 

Whare  there  is  smply  an  ooiiite  of  blood  and  it  does  not  appear  that  aar 
vessel  of  size  haa  been  severed  Uie  case  can  frequently  be  controlled  bf 
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steady  pressure  o(  the  bleeding  surface.     Som 

plisb  the  result. '  n  peroxide  d  hydrogen  ia  i 
known  agenti  to  atop  lioiplc  ooilng. 


Qstantly  cbsnged  vill  •coam- 
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H  the  edge  of  the  lower  jawbone.     This  controls  bleeding  in  the  pa 


iplied.  by  this  artery,  as  shown  in  the  illuBtration.  If  the  bleedin| 
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the  left  side  a  Htmng  miucle  standing  out  uader  the  sldn  and  eaten4 
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from  a  point  just  back  of  the  ear  to  the  point  where  the  left  collar  bone 
joins  the  breastbone.  This  is  your  guide  to  the  deep  artery.  Pressure 
should  be  made  deeply  between  the  lower  end  of  this  muscle  and  the  wind- 
pipe, compressing  the  artery  directly  against  the  backbone  (Pigs.  94  and  95). 

jBleedinjK  from  Shoulder. — If  the  bleedin^^  is  in  the  neighborhood  of  the 
shoulder  joint,  the  artery  to  be  controlled  is  the  one  lying  directly  under 
the  collar-bone.  ^  Pressure  is  made  downward,  behind  tne  collar-bone,  near 
the  point  where  it  joins  the  breastbone,  the  artery  being  compressed  against 
the  rib  (Pigs.  94  and  96). 

Bleedini;  from  Arm,  Forearm,  and  Hand. — If  you  place  your  left  hand 
on  your  right  arm  between  the  shoulder  and  elbow  and  then  bend  the  right 
elbow  and  straighten  it  out  several  times,  you  will  feel  a  muscle  swell  up 
in  the  arm  and  subside  again.  Extending  along  the  inner  edge  of  this 
muscle  and  close  to  the  bone  a  large  artery  can  be  felt  beating  (Pigs.  97 
and  98).  This  is  the  one  to  compress  when  bleeding  is  from  a  point  in 
the  arm  or  forearm.  If  the  forearm,  the  best  place  to  compress  this  last 
mentioned  artery  is  just  above  the  elbow;  and  is  also  the  best  point  if  there 
is  severe  bleeding  in  the  hand. 

Bleedin|[  from  Thigh  or  Leg. — In  the  groin,  halfway  between  the  hip  bone 
and  the  middle  line  of  the  body,  the  main  artery  supplying  the  thigh  and 
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leg  can  be  pressed  against  the  bone  (Pig.  10 1).  If  the  bleeding  is  from  the 
back  of  the  knee,  the  leg,  or  foot,  tne  best  place  to  apply  pressure  is  just 
above  the  knee  at  the  back  of  the  thigh  (Pig.  102). 

Bleeding  from  Lungs  and  Stomach. — if  the  blood  is  from  the  lungs,  it 
is  generally  coughed  up  and  has  the  bright  red  appearance  of  ordinary 
blood.  If  from  the  stomach,  the  acid  of  the  stomach  juice  changes  the 
blood  until  it  has  more  the  appearance  of  coffee  grounds.  If ,^  however, 
the  bleeding  is  severe,  the  vomited  blood  may  be  bright  red,  as  the  acid  ox 
the  stomach  may  not  have  had  time  to  act  upon  it.  Sometimes  blood 
brought  into  the  throat  from  the  lungs  is  swallowed  by  the  patient  and 
later  vomited  in  its  changed  condition. 

In  the  treatment  of  either  of  these  conditions,  it  is  best  to  keep  the  patient 
very  quiet  in  bed,  let  him  suck  small  pieces  of  ice  in  limited  quantity,  and 
apply  cracked  ice  in  some  waterproof  covering  over  the  chest  or  pit  of  the 
stomach,  as  the  case  may  be.  Cheerfulness  and  an  encouraging  attitude 
on  the  part  of  the  attendants  are  necessary. 

Bleeaing  from  the  Nose. — If  bleeding  ol  the  nose  occurs  in  a  full  blooded 
person,  especially  if  such  person  is  subject  to  dizxiness,  we  should  not  be 
in  too  much  of  a  hurry  to  stop  it.  But  if  the  bleeding  is  the  result  of  injury 
or  if  it  occurs  in  a  person  suffering  from  disease  of  the  heart  or  lungs  or 
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ftom  the  effects  of  malarial  fever,  scurvy,  or  anv  disease  of  the  general 
system,  effort  should  be  made  to  stop  it.  Nosebleed  from  a  blow,  in  a 
healthy  individual,  usually  stops  in  a  short  time  without  any  particular' 
treatment.  If  it  does  not  stop,  place  a  piece  of  paper  folded  to  the  thickness 
of  a  quarter  of  an  inch  well  up  between  the  upper  lip  and  gum,  and  com- 
press the  lip  tightly  against  it.  The  main  blood  vessels  supplying  the  nose 
pass  upward  from  the  comers  of  the  mouth  to  the  sides  of  the  nose,  and  this 
.pai>er  tends  to  compress  the  vessels  and  shut  off  the  blood  supply.  The 
patient  should  lie  on  his  back  with  his  head  on  a  i>illow.  If  ice  is  obtainable. 
It  should  be  cracked  into  small  i>ieces,  wrapped  in  a  thin  cloth,  and  placed 
over  the  nose,  a  sufficient  quantity  being  used  to  cover  the  whole  surface. 
Cold  applied  to  the  back  of  the  neck  wul  also  do  good  in  some  cases.  If 
the  bleeding  is  obstinate,  a  strip  of  gauze  or  soft  cloth  ca|i  be  pushed  gently 
into  the  nostrils,  the  ends  being  allowed  to  hang  out. 

Bleeding  from  the  Urinary  Canal. — This  is  usually  caused  by  falling 
astride  of  a  hard  object.  The  bleeding  m^  be  profuse,  but  is  usually  con- 
trolled by  pressure  with  a  folded  towel.  If  the  bleeding  is  Severe,  a  stick 
with  a  cros»*piece  at  one  end  should  be  placed  at  the  foot  of  the  bed,  the 
cross-piece  pressing  against  the  towel  in  the  crotch.  After  the  bleeding 
ceases,  the  patient  should  be  kept  quiet  and  cold  applications  should  be  used. 

BURKS  AND  SCALBS 

Biunif.-- Bums  or  scalds  are  serious  and  dangerous  to  life  in  proportion 
to  the  extent  and  depth  of  the  injury.  A  bum  covering  a  large  area  and 
producing  mere  reddening  and  swelling  of  the  skin  is  as  serious  as  a  bum 
one-half  the  size  in  which  the  skin  is  destroyed.  The  danger  is  from  shock, 
from  fever  following  reaction,  from  hemorrhage  following  sloughing,  and 
from  congestion  and  inflammation  of  internal  organs.  Bums  of  slight 
extent  or  moderate  degree  are  not  so  dangerous,  and  most  of  the  cases 
commonly  met  with  will  recover.     But  all  cases  reauire  careful  treatment. 

Treatment — The  indications  for  treatment  in  these  two  conditions  are 
virtually  the  same  if  the  damage  is  superficial;  and  this  is  usually  the  case, 
^  the  injuries  being  only  skin  deep.  Blisters  should  be  pricked  with  a  needle 
that  has  been  passed  through  a  flame  several  times.  This  allows  the  water 
to  escape  from  the  blisters,  out  the  skin  raised  by  the  blisters  should  not  be 
removed.  If  the  burning  agent  is  pitch  or  tar,  and  adheres  to  the  skin,  it 
should  not  be  removed;  it  will  come  away  later  with  the  blistered  skin. 
Any  bland  oil,  such  as  sweet  oil,  linseed  oil,  or  vaseline,  forms  a  soothing 
application.  Ordinary  baking  sodajor  a  saturated  solution  of  soda  in  water 
can  be  used.  The  old  "Carron  oil"  made  of  Unseed  oil  and  lime  water, 
half  and  half,  is  excellent,  but  has  an  unpleasant  odor.  ,  If  lime  water  is 
not  at  hand,  it  mav  be  obtained  as  follows:  Quicklime  is  first  slaked  by 
adding  to  it  gradually  about  30  times  its  weight  of  water.  ^  Agitate  during 
one-half  hour,  allow  the  lime  to  settle,  and  reject  the  liquid.  Add  to  the 
residue  of  Ume  about  300  times  its  weight  of  water,  agitate  frequently  during 
the  next  24  hours,  and  allow  the  lime  to  settle.  The  clear  water  standing 
above  the  undissolved  lime  is  lime  water. 

The  i>arts  burned  or  the  entire  body,  except  the  head^  mav  be  kept  im- 
mersed in  tepid  or  warm  water  for  days.  Cream  or  white  of  eggs  may  be 
used,  but  they  are  apt  to  become  offensive  after  24  hours.  Kerosene  is  an 
old  household  remedy.  One  teaspoonful  of  table  salt  in  a  pint  of  water 
makes  a  solution  that  can  be  employed.  Keep  the  patient  quiet  and  his 
bowels  active.  Pain  or  restlessness  may  be  relieved  by  laudanum  20  drops, 
repeated  in  two  hours  if  necessary. 

If  the  eye  is  red  from  contact  with  the  flames  or  hot  fluid,  sweet  oil  is 
perhaps  the  best  household  remedy  to  drop  in.  A  bandage  lightly  applied 
over  the  ejres  to  keep  out  the  light  will  be  soothinfi[. 

If  the  skin  or  the  eye  is  burned  with  acid,  a  solution  of  baking  soda  should 
be  used  first.  If  the  burning  agent  is  an  alkali,  such  as  hartshorn  or  lye, 
weak  vinegar  or  lemon  juice  should  be  used.  Sweet  oil  should  be  dropped 
in  the  eye  after  such  treatment. 

If  the  patient  has  breathed  the  flame  or  steam  the  condition  is  apt  to  be  a 
serious  one,  even  though  it  does  not  appear  so  at  once.     Complete  rest  and 

auiet,  an  ice-bag  to  the  chest,  the  giving  of  milk  and  cream,  half  and  half, 
swallowing  is  possible,  should  be  employed.     Artificial  respiration,  as 
^escribed  elsewhere,  may  be  applicable  in  some  cases. 
Speaking  generally  of  bums  and  scalds,  a  superficial  bum  covering  $, 
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large  part  of  the  skin  may  be  more  dangerous  than  a  deep  bum  confined  to  & 
imall  part,  for  reasons  which  it  is  unnecessary  to  discuss  in  a  book  of  this 
and.  No  bum  or  scald  should  therefore  be  treated  as  a  trivial  matter. 
Where  solutions  are  used  the  bandages  should  be  soaked  in  the  same  before 
applying  and  the  solution  should  be  poured  over  the  bandaged  part  at 
frequent  intervals. 

Parafi^  mixtures  have  been  recently  used  extensively  for  the  treatment 
of  bums.  The  mixture  is  melted  and  then  sprayed  upon  the  burned  surface.^ 
It  is  then  covered  with  a  layer  of  gauze  and  more  of  the  mixture  is  sprayed 
on.  Instead  of  spraying,  the  mixture  may  be  painted  on  the  surface  wiui  a 
sterile  brush,  liie  mixture  becomes  hard  when  it  cools,  forming  a  pro- 
tective coating  for  the  bum.  The  paraffin  should  be  removed  once  a  day. 
the  wound  washed  with  a  weak  antiseptic  solution,  dried  with  pellets  of 

fauze  or  cotton,  after  which  another  coat  of  the  paraffin  mixture  is  applied. 
felted  wax  may  be  employed  instead  of  paraffin.  In  either  case  a  coating 
of  liquid  petroleum  or  kerosene  should  be  applied  to  the  wound  before  the 
wax  or  paraffin  is  used. 

The  scars  resulting  from  bums  and  scalds  always  contract,  and  in  severe 
cases  terrible  deformities  are  produced.  These  may  be  prevented  to  some 
extent  by  active  and  passive  motion  and  by  splints. 

EFFECTS  OF  COLD-FROSTBITE 

Frostbite. — Severe  cold  depresses  the  action  of  the  heart,  suspends  the 
circulation.  These  effects  are  first  noticed  in  the  ears,  nose,  fingers,  and 
toes.  Numbness  and  tingling  are  the  first  sjrmptoms,  then  loss  of  sen- 
sation. If  not  too  long  exposed,  the  circulation  may  be  restored  by  pro^r 
treatment.  But  if  the  exposure  is  long  continued  or  if  the  cold  is  very  in- 
tense the  parts  are  hopelessly  frozen  and  gangrene  will  be  the  result.  The 
parts  mav  look  all  right  for  a  few  days  after  reaction  and  then  become 
discolored,  bluish,  and  finally  black.  Another  effect  of  extreme  cold  is  an 
overpowering  sense  of  drowsiness,  but  to  lie  down  and  go  to  sleep  under  such  * 
circumstances  is  almost  certain  death. 

Treatment  of  Frostbites. — i.  Do  not  bring  the  patient  to  the  fire  until 
the  circulation  is  restored  in  the  frozen  part. 

2.  If  snow  be  on  the  ground  or  accessible,  take  a  woolen  cloth  in  the 
hand,  place  a  handful  of  snow  upon  it,  and  gently  rub  the  frozen  part  until 
the  natural  color  is  restored.  In  case  snow  is  not  at  hand  bathe  the  part 
gently  with  a  woolen  cloth  in  the  coldest  fresh  water  obtainable,  ice  water 
if  practicable, 

3.  In  case  the  frostbite  is  old  and  the  skin  has  turned  black  or  begun  to 
scale  off  do  not  attempt  to  restore  its  vitality  by  friction,  but  use  the  treat- 
ment for  bums  described  on  page  47 1. 

4.  In  the  case  of  a  person  apparently  dead  from  exposure  to  cold  friction 
should  be  applied  to  the  bodv  and  the  lower  extremities  and  artificial  respira- 
tion practisea  as  in  case  of  the  apparently  drowned.  As  soon  As  the  circula- 
tion appears  to  be  restored  administer  strychnine  sulphate  one-fortieth 
grain.  £ven  if  no  signs  of  life  appear  friction  should  be  kept  up  for  a  long 
period,  as  instances  are  on  record  ot  recovery  after  several  hours  of  suspended 
animation. 

ANTISEPSIS,  ANTISEPTICS,  AND  THE  DRSSSINO  OF  WOUNDS 

(Health  Bulletin,  No.  17) 

We  are  surrounded  at  all  times  hy  very  minute  organisms  capable  of 
producing  various  diseases  or  complications.  They  are  sometimes  called 
germs,  and  more  vulgarly  called  "bugs."  The  latter  name  is  incorrect,  as 
the  germs  belong  to  the  vegetable  and  not  the  animal  kingdom.  In  first- 
aid  work  the  germs  that  particularly  interest  us  are  those  that  get  into 
wounds  and  infect  them,  causing  pus  or  ''matter'*  and  sometimes  blood 
poison. 

Deflqitioiis. — When  these  complications  arise  the  process  is  known  as 
"sepsis.**  "Antisepsis,"  therefore,  refers  to  the  question  of  removing  or 
killing  the  germs,  and  "antiseptics"  are  the  medicines  or  other  agents  used 
in  accomplishing  these  purposes.  This  explanation  is  made  for  the  reason 
that  it  is  necessary  to  use  the  terms  "antisepsis"  and  "antiseptics"  in  this 
chapter,  there  being  no  common  names  quite  so  expressive.  There  is 
anotlier  t^m,  "asepsis"  used  by  doctors,  which  refers  to  the  condition 
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where  all  germs  have  been  removed  or  killed,  but  this  is  a  condition  that 
does  not  often  obtain  in  first-aid  work  administered  by  a  layman,  and 
therefore  will  not  be  further  discussed.  We  frequently  hear  a  person  say 
that  he  has  go<Kl  blood  because  when  he  cuts  himself  the  wound  heals 
quickly.  This  is  apt  to  give  him  a  false  sense  of  security  and  cause  him 
to  neglect  the  precautions  that  should  be  taken.  Some  of  the  worst  cases  of 
"sepsis"  and  blood  poison  occtir  in  strong  healthy  men  who  have  had  no 
previous  trouble  in  the  healing  of  wounds.  Germs  are  always  present  on 
the  ridn  and  can  be  demonstrated  by  laboratory  methods.  They  can 
only  be  seen  by  a  microscope  of  high  power.  A  patient  may  have  taken  a 
hot  soai>  bath  before  being  injured,  but  his  sldn  is  not  surgically  clean,  and 
antiseptics  are  therefore  employed  to  destroy  the  germs  that  remain. 

The  Dresser's  Hands.— **xhe  one  who  is  to  make  the  dressing  should 
see  that  his  own  hands  are  surgically  clean  before  he  attempts  to  clean  or 
"sterilize*'  the  wound;  otherwise  he  is  apt  to  transfer  germs  from  his  hands 
to  the  wounds  or  to  the  dressings.  The  hands  should  be  scrubbed  with  a 
nail-brush,  hot  water,  and  soap.  Then  the  finger  nails  should  be  cleansed 
and  the  hands  scrubbed  again.  A  good  way  to  clean  the  finger  nails  is  to 
rake  them  across  a  cake  of  soap,  filling  the  space  under  each  nail  with  the 
soap.  As  this  is  removed  with  a  pocketknife  the  dirt  comes  away  with  it. 
Then  after  the  second  scrubbing  the  hands  should  be  soaked  and  rubbed 
in  some  antiseptic  solution  and  not  dried.  The  skin  about  the  wound  should 
now  be  scrubbed  with  the  nailbrush  ^nd  soap;  and  if  it  is  a  hairy  part,  the 
hair  should  be  shaved  for  some  distance  on  all  sides  of  the  wound  before 
the  scrubbing.  The  wound  and  the  parts  about  it  should  then  be  thor- 
oughly cleansed  with  the  antiseptic  solution;  and  a  cloth,  preferably  one 
that  has  been  boiled,  soaked  in  the  antiseptic  solution,  laid  over  the  wound, 
and  bound  there  with  a  bandage. 

AleohoL"The  antiseptic  that  is  most  apt  to  be  at  hand  or  most  easily 
obtained  is  alcohol.  It  should  be  diluted  with  water,  making  a  mixture  of 
I  part  water  and  3  oarts  alcohol.  It  creates  a  burning  sensation  when 
applied  to  a  wound,  out  this  is  a  small  matter  if  it  prevents  infection  in 
the  wound.  Where  alcohol  can  not  be  obtained,  whisky  or  brandy,  which 
contains  about  50  per  cent,  of  alcohol,  may  be  obtainable.  Some  experi- 
ments have  recently  been  made  in  the  San  Francisco  Federal  Laboratory 
by  officers  of  the  United  States  Public  Health  Service  showing  that  whisky 
and  brandy  are  very  good  antiseptics. 

Iodine. — Tincture  of  iodine,  usually  known  by  the  layman  as  simply 
"iodine,"  is  one  of  the  best  antiseptics  known  at  the  present  time.  Its 
power  is  far  greater  if  applied  to  a  ^7  surface  than  to  a  wet  surface.  The 
burning  sensation  produced  in  the  wound  does  not  last  long.  A  dry  sterile 
dressing  over  it  is  preferable  to  a  wet  dressing,  as  the  wet  dressing  lessens 
its  power  and  is  apt  to  blister  the  skin.  Too  much  iodine  may  also  blister, 
and  it  should  therefore  be  diluted  with  an  equal  part  of  alcohol. 

BichlcMride  of  Jfercory. — An  antiseptic  much  used  in  hospitals  is  bichloride 
of  mercury  or  corrosive  sublimate.  It  is  not  apt  to  be  on  hand  in  the 
ordinary  household  or  camp,  but  is  mentioned  as  one  of  the  agents  to  be 
kept  in  the  first-aid  chest.*  It  can  be  purchased  in  tablet  form,  and  each 
tablet  added  to  a  pint  of  water  makes  a  solution  of  a  certain  strength 
(see  page  449)*  This  strength  that  is  safest  for  the  layman  to  use  is  i 
part  of  bichloride  of  mercury  to  5000  parts  of  water.  This  is  an  excellent 
antiseptic.  It  is  a  deadly  poison,  however,  if  taken  internally,  and  should 
therefore  be  handled  with  care. 

Peroxide  of  Hydrogen. — Peroxide  of  hydrogen  has  become  a  favorite 
and  popular  antiseptic.  Its  power  in  this  regara  is  weak,  but  it  is  a  cleansing 
agent  and  can  be  employed  as  a  dressin|r  in  the  absence  of  anything  better. 
It  tends  also  to  stop  oosing  of  blood  m  a  wound  whwe  no  large  vessels 
are  cut. 

Carbolic  Add. — The  pure  carbolic  acid  should  be  obtained  if  possible, 
and  as  a  dressing  for  wounds  should  be  made  into  a  solution  of  i  part  of 
carbolic  acid  to  100  parts  of  hot  water. 

Compound  CreflOl  Solution.-~This  is  a  very  serviceable  antiseptic  solu- 
tion, as  it  readily  dissolves  in  cold  water  and  is  as  powerftd  as  carbolic  acid 
solutions  of  the  same  strength.  It  may  be  employed  in  i  per  cent,  solutions 
for  any  purposes  for  which  an  antis^tic  solution  is  required.  It  is  especially 
good  for  sterilising  instruments,  as  it  does  not  injure  them. 

Sterile  Dressings. — There  can  be  purchased  for  the  first-aid  chest  various 
kinds  of  sterile  dressings;  that  is,  dressings  that  have  had  all  germs  killed 
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by  exposure  to  heaC  Sterile  gnuee  come*  packed  in  a  box  in  the  form  erf  a 
roLl.  and  it  unrolls  u  pieces  are  drawn  nut  and  cut  off.  From  a  theoretical 
standpoint  the  gauae  is  no  longer  sterile  after  the  packa^  has  o 

opened;  bat  for  ptaitical  first-aid  work  -' " "  - 

cut  off  is  carefully  unfolded  with  dean 
applied  next  to  the  wonad.  Jt  it  advise 
new  one  will  be  opened  from  time  to  time. 

Bow  to  StatfUn  Dnutnfi. — The  one  most  efficient  and  always  available 
method  of  storiliiina  dreaungs  is  by  boiling  for  lo  minutes  in  plain  water. 
wbich.  from  a  pracUcal  standpoint,  kills  all  germs  that  can  infect  a  wound. 
If  a  dry  dressing  is  desirable,  it  can  be  placM  in  a  pan  in  a  hot  oven  [or  ij 
□r'lo  minutes  and  removed  jnst  aa  it  is  beginning  to  be  scorched.  If  several 
a  sterile  dresuns  are  applied  directly  over  a  wound  and  lapped 


t  at  aU  sides,  il 


t  absolotely.  n 


;    InatTomentti    ate— 'If 


reason  boiling  is  preferable. 

Tiealmeiit  of   Wounds. — Doctors  i 
namely,  incised,  lacerated,  contused. 


'■    irabte. 


implements  are  necessary  in  dressirtf 
ter  for  lo  minutes,  or  can  be  passed 
le  alcobol  can  be  poured  on  tne  in- 
natch.  Actual  fire  is  apt  to  remove 
more  easily  than  boiling,  for  whid] 

Livide  wounds  into  several  classes, 
punctured,  poisoned,  gunshot  and 
:ted.     The  nature  of  the  first  three 


vessel,  B3  einlflioed  in 
„_  -iceding."  Then,  after 
has  disinfected  his  own  hands, 

should  be  thoroughly  cleansed 

disinfected;  these  matters  will  be 


leedle  being  pushed  through  the  flesh  by  means  of  s  thimble, 
Fhe  stitches  should  pierce  the  skin  about  an  eighth  or  quarter 
m  the  edge  of  the  wound  and  come  out  of  the  fleahy  part  of 
out  the  same  distance  from  the  skin.  They  should  be  placed 
inch  apart,  and  each  one  should  be  tied  and  cut  off.  The 
d  only  be  drawn  tight  enough  to  barely  cl  ' ' 
'■■ ■-    ■'-— itootiSt.     Now 


Che  bottom  of  tl 
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teas  danger  of  blood  poison  than  if  the  wound  were  closed  tightly.  This 
drain  ^lotdd  be  removed  after  34  houcs  by  simply  drawing  it  out  without 
disturbing  the  stitches.  The  stitches  themselves  should  be  left  in  place 
from  three  to  six  days,  depending  principally  upon  the  depth  of  .the  wound 
and  its  tendency  to  gape.  The  stitching  of  a  wound  should  only  be  at- 
tempted by  a  layman  when  a  doctor  can  not  be  reached  within  48  hours. 

The  closure  of  a  wound  by  sticking  plaster  is  a  questionable  expedient, 
because  it  seals  the  wound,  prevents  drainage,  and  blood  poison  may  follow. 
If  the  wound  is  not  large,  a  strip  of  boiled  cloth  may  be  laid  directly  over 
it  and  the  wound  then  drawn  tc^ther  by  6trii>8  of  sticking  plaster  applied 
outside  the  cloth. 

Whether  the  wound  is  closed  by  stitches  or  not,  the  layman  should  apply 
an  antiseptic  dressing,  if  such  is  available,  and  if  not,  a  boiled  cloth,  as 
described  above,  can  be  used. 

A  badly  contused  or  bruised  wound  should  not  be  stitched  b^  a  layman. 
In  a  lacerated  wound  it  may  be  necessary  to  trim  off  with  boiled  scissors 
a  few  ragged  edges  of  skin  before  stitching. 

If  a  wound  has  penetrated  the  belly  and  the  bowel  is  protruding,  it  is 
best  not  to  attempt  to  push  it  back  if  the  doctor  can  be  reached  within  a 
few  hours.  It  should  be  gently  washed  with  the  salt  solution,  described 
elsewhere  (page  474),  and  kept  covered  with  towels  frequently  wet  with  the 
same  solution.  If  a  doctor  can  not  be  reached  within  a  few  hours,  and 
the  person  in  charge  of  the  patient  after  a  careful  examination  is  sure  that 
the'  Dowel  has  not  been  opened  or  otherwise  seriously  injured,  he  should, 
after  carefully  washing  the  bowel  with  the  salt  solution  mentioned  above, 
return  it  to  the  belly.  If  the  bowel  is  allowed  to  remain  for  too  great  a  time 
outside  of  the  belly,  its  circulation  may  be  cut  off  by  the  pressure  of  the 
belly  walls  and  gangrene  result.  If  the 'bowel  has  been  opened  or  severely 
bruised,  it  should  not  be  returned,  as  there  is  danger  of  forcing  fecal  matter 
out  of  the  bowel  into  the  belly  cavity,  which  would  cause  a  dangerous 
inflammation.  If  the  bowel  is  not  protruding  from  the  wound,  simply 
treat  as  an  ordinary  wound. 

Punctored  Wounds. — A  punctured  wound  is  one  made  by  a  piercing 
agent,  such  as  a  nail,  tack,  knife,  or  needle.  Such  a  wound  is  dangerous, 
because  it  almost  completely  closes  and  does  not  drain.  If  germs  are 
introduced  at  the  time  of  the  accident,  they  can  not  escape.  A  wound 
of  this  kind,  except  of  the  chest  or  belly,  should  be  disinfected  or  burned, 
and  the  best  agent  is  pure  carbolic  acid.  In  the  absence  of  suitable  in- 
struments a  knitting  needle  or  other  thin  blunt  implement  should  be  dipped 
into  the  carbolic  acid  and  then  inserted  to  the  full  depth  of  the  wound.  This 
should  be  repeated  several  times.  The  first  application  causes  a  burning 
sensation,  but  the  acid  itself  soon  deadens  the  part,  and  the  subsequent 
applications  are  less  painful.  If  the  knitting  needle  is  then  dipped  in 
alcohol  or  whisky  ana  inserted  once  or  twice  and  a  little  is  applied  to  the 
skin  about  the  wound,  it  will  stop  the  burning  action  of  the  carbolic  acid. 
In  the  absence  of  the  carbolic  acid  the  alcohol  or  whisky  can  be  used  alone, 
but  are  far  less  efficient.  After  this  treatment  an  antiseptic  dressing  or  a 
boiled  cloth  should  be  applied  to  the  wound.  The  frequency  with  which 
lockjaw  follows  punctured  wounds,  particularlv  nail  wounds,  makes  it 
imperative  that  tne  doctor  be  consulted  promptly  and  that  the  wound  be* 
not  regarded  as  trivial  because  it  is  smaU  in  size.  An  injection  of  serum 
(tetanus  antitoxin)  will  prevent  lockjaw. 

Poisoned  Wounds. — The  principal  poisoned  wounds  met  with  are  those 
due  to  bites  of  animals  or  bites  and  stings  of  insects,  and  these  will  be  con- 
sidered under  a  separate  heading  (see  page  464). 

Gunshot  Wounds. — ^A  gunshot  wound  is  similar  to  a  punctured  wound 
in  that  it  is  small  and  almost  completely  closed.  If  the  ball  has  passed 
entirelv  through  a  part,  as  the  leg,  and  has  not  struck  an  important  vessel 
or  broken  a  bone,  the  wound  is  apt  to  cause  less  trouble  than  one  in  which 
the  ball  remains  in  the  flesh.  If  a  jpoftion  of  clothing  is  found  in  the  mouth 
of  the  woiind,  it  should  be  removed.  The  part  should  be  well  cleansed  with 
soap  and  hot  water  and  an  antiseptic  dressing  or  a  boiled  cloth  applied. 
I^irther  than  this  it  is  not  best  for  the  layman  to  attempt  anvthing,  par- 
ticularly probing  for  the  bullets.  If  a  bone  has  been  broken  by  the  ball, 
the  case  should  be  treated  as  described  under  "O>mpound  Fracture." 

Infected  Wounds. — A  wound  should  never  be  permitted  to  become 
infected,  but  it  is  not  always  possible  to  prevent  it,  as  germs  may  be  intro- 
duced at  the  time\Df  the  injury  by  the  weapon  causing  the  injury  or  on  pieces 
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of  cloth  or  in  dirt  carried  in  with  it.  Badly  contused  wounds  are  also  liable 
to  become  infected  as  the  devitalized  tissue  is  unable  to  resist  the  attack  of 
hanuful  bacteria*  €k>ntinuous  or  frequent  irrigation  with  an  antiseptie 
solution  has  been  found  to  be  the  best  method  of  thoroughly  cleansing 
wounds  of  this  kind  and  to  keep  them  free  from  bacteria.  A  very  weak 
bichloride  solution  (i  to  15,000)  may  be  used  for  this  purpose,  or.  even 
sterile  water  containing  one  teaspoonf  ul  of  salt  to  the  quart  may  be  em- 
ployed if  nothing  else  is  available.  The  Dakin-Carrel  solution,  is  however. 
the  best  for  this  purpose.  Tablets  for  the  preparation  of  this  solution, 
known  under  the  trade  name  of  Chlorazene  Tablets,  can  now  be  obtained  in 
the  drug  stores.  In  order  to  be  effective,  the  solution  should  be  introduced 
to  the  Dottom  of  the  wound.  A  special  apparatus  is  employed  for  this 
purpose.  Gauze  is  packed  around  rubber  tubes  after  thev  are  placed  in 
the  wound.  Only  enough  solution  to  keep  the  dressing  damp  uiould  be 
allowed  to  flow  into  the  tubes. ,  A  modification  of  this  solution  nas  recently 
been  made  in  which  oil  is  used  instead  of  water.  This  makes  it  unnecessary 
to  be  continually  wetting  the  gauze  as  the  oil  keeps  the  wound  moist  for  a 
longer  i>eriod  and  the  wound  need  therefore  be  dressed  but  once  a  day. 

RESUSCITATION  FROM  APPARENT  DROWNING 

•  In  the  act  of  breathing,  the  oxygen  from  the  air  is  absorbed  from  the 
lungs  into  the  blood  vessels  and  purifies  the  blood;  at  the  same  time  the 
impure  matters  picked  up  by  the  blood  in  circulating  through  the  body 
are  ffltered  out  by  the  lungs  and  pass  off  to  the  atmosphere  with  the  breath. 
When  a  person  is  under  water  he  can  hold  his  breath  tor  a  short  time,  ke^ 
ing  out  the  water;  then  he  swallows  some  water  into  the  stomach,  and 
as  his  strength  fails  water  enters  the  lungs.  The  water  in  the  stomach  does 
no  particular  harm;  but  that  in  the  lungs  is  of  vital  importance  because  it 
stops  breathing,  causes  poisoning  of  the  system  IK>m  lack  of  purification 
of  the  blood,  and  if  allowed  to  remain  for  any  length  of  time  produces  stop- 
page of  the  heart  and  death.  > 

The  indications,  therefore,  in  one  api>arently  drowned  are  to  remove 
the  water  from  the  lungs,  to  make  the  patient  breathe,  and  to  stimulate  the 
weak  heart. 

The  old  method  of  rolling  a  patient  over  a  barrel  to  remove  the  water 
from  the  lungs  .is  not  considered  efficient  by  those  who  have  had  most 
experience.  Inverting  the  patient  by  grasping  his  feet  and  holding  him 
h^td  down  for  a  few  moments,  at  the  same  time  making  pressure  on  his 
belly  inward  and  toward  the  chest,  may  remove  part  of  the  water.  The 
chest  is  separated  from  the  belly  by  a  partition  consisting  of  a  thin  flat 
muscle,  and  pressure  inward  and  upward  on  the  belly  forces  this  partition 
up  against  the  lungs  and  may  mechanically  squeeze  some  water  out  <^  the 
tubes  in  the  lungs.  Time  should  not  be  wasted  in  prolonged  efforts  to  re- 
move the  water,  as  it  is  important  to  proceed  as  quickly  as  possible  witii 
artificial  breathing,  which  will  not  only  squeeze  the  water  out  of  the  lungs 
but  will  renew  respiration  and  revive  the  patient. 

There  are  several  methods  that  have  been  suggested  and  used  for  inducing 

.artificial  breathing,  but  to  save  delay  in  selecting  one  the  layman  should 

have  explained  to  him  in  a  book  of  this  kind  one  method  only,  and  that 

one  the  method  that  has  been  accepted  as  the  best,  namely,  the  Schafer 

method  (see  Pig.  10^). 

Schafer's  description  of  this  method,  as  quoted  by  Crile,  is  as  follows, 
except  that  the  technical  words  and  expressions  have  been  eliminated 
and  ordinary  ones  that  will  be  understood  by  a  layman  substituted: 

The  subject,  whether  a  drowned  person  or  not,  is  allowed  to  lie  pTtme, 
i.e.,  face  downward,  no  preliminary  manipulation  of  the  tongue  being 
required.  The  operator  kneels  or  squats  either  across  or  on  one  side  of  the 
subject,  fadng  the  head,  and  places  his  hands  close  together  flat  upon  the 
back  of  the  subject  over  the  loins,  the  fingers  extending  over  the  k>west 
ribs.  By  now  leaning  forward  upon  the  hands,  keeping  the  elbows  ex> 
tended,  the  weight  of  the  operator  s  body  is  brought  to  bear  upon  the  sub- 
ject, and  this  not  only  compresses  the  lower  part  of  the  chest  out  also  the 
belly  upon  the  ground,  the  pressure  being  fairly  equally  distributed.  The 
restUt  of  this  is  that  not  only  is  the  chest  diminished  in  extent  from  before 
back,  but,  owing  to  the  pressure  which  is  communicated  to  the  belly,  the 
belly  contents  are  compressed  and  tend  to  force  the  muscle  partition  be- 
tween the  chest  and  belly  up,  ao  that  the  chest  is  diminishea  in  capacity 


above  doim.  Thii  is  no  doubt  the  reason  why  Cbe  presiurs  method 
I  applied  with  thr  subject  lying  on  his  belly  u  more  effective  than  when 
<w1  m  br  Howard,  with  the  subject  l^ng  on  his  back.  The  pressan 
'      * 1—11..  -• 1 — .  three  lecondi,  uid  is 


then  rdeaied  by  the  operator  swinsinB  his  body  baclc,  but  without  temoTins 
his  hands.     The  elasticity  of  the  cheat  and  belly  causes  these  to  reanme  thor 

original  dimensiona  and  air  passes  in  through  the  windpipe.      "'— 

seconds  the  process  iisfain  commenced,  and  ir    "   ''-      '  " 


vBTd,  renders  it  passible  to  continue  the  process  without  IMieuM  ior  an 
indefinite  time.  It  can  further  be  carried  out  unaided  b;  a  •romaa  almoM 
AS  well  as  a  man.  by  children  upon  children;  it  hardly  requires  to  be  taught. 
A  uiiiple  demiinstistioii  cuffioeotly  teaches  it  V  *  w^c  ^udieo;*.   Jtt 
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advantages  in  drowning  cases  over  any  other  method  which  involves  the 
position  on  the  back  are  .sufficiently  obvious,  for  with  it  there  is  no  risk  of 
obstruction  by  water  or  slime  or  the  contents  of  the  stomach,  which  can 
not  accumulate  in  the  throat,  but  must  come  away  by  the  mouth,  and 
the  tongue,  in  place  of  falling  back,  as  in  the  position  on  the  back,  falls 
forward  and  is  unable  to  produce  obstruction. 

Ci^e  sa3rs  in  regard  to  this  method: /'Schafer*s  method  should  be  used 
in  all  cases  in  the  absence  of  medical  sjsistance  or  outside  of  a  hospital,  and 
even  in  a  hospital  in  the  absence  of  immediate  surgical  aid."  He  further 
says:  "Simple  artificial  respiration  is  the  only  hope  in  drowning  and  other 
accidents  occurring  when  professional  help  is  not  at  hand."  When  the 
patient  is  able  to  swallow,  a  small  cup  of  black  coffee,  or  hot  milk  may  be 
given,  and  repeated  a  few  times  at  mtervals  of  an  hour.  If  he  does  not 
swallow  well,  and  an  ordinary  syringe  is  available,  the  coffee  may  be  in- 
jected into  the  bowel  and  left  there,  but  the  effect  is  slower. 

It  is  scarcely  necessary  to  state  that  the  patient  should  be  removed  to  a 
warm  place,  the  wet  clothing  removed,  and  the  lower  parts  of  the  body 
covered  and  artificially  warmed.  Pending  the  arrival  of  the  doctor  the 
patient  should  be  closely  watched,  and  if  signs  of  C9llapse  appear,  renewed 
efforts  should  be  made.  Prolonged  and  systematic  rubbing  of  the  skin 
and  kneading  of  the  muscles  will  assist  in  promoting  the  circulation  of 
the  blood. 

RSSUSCITATION  FROM  ELECTRICAL  SHOCK* 

An  accidental  electric  shock  usually  does  not  IdU  at  once,  but  may  only 
stun  the  victim  and  for  a  while  stop  his  breathing. 

The  shock  is  not  likely  to  be  immediately  fatal  because  (a)  The  con- 
ductors may  make  only  a  brief  and  impterfect  contact  with  the  body.  (6) 
The  skin,  unless  it  is  wet,^  offers  high  resistance  to  the  current. 

Hope  of  restoring  the  victim  lies  in  prompt  and  continued  use  of  artificial 
respiration.  The  reasons  for  this  statement  are:  (a)  The  fact  continuously 
depends  on  an  exchange  of  air,  as  shown  by  the  fact  that  we  must  breathe 
in  and  out  about  18  times  a  minute.  (6)  If  the  body  is  not  thus  rei>eatedly 
supplied  with  air,  suffocation  occurs,  (c)  Persons  whose  breathixig  has 
been  stopped  by  electric  shock  have  been  restored  after  artificial  respiration 
has  been  continued  for  approximately  two  hours. 

Instructions.— Follow  these  instructions  even  if  the  victim  appears  dead. 

I.  Break  the  circuit  immediately. 

I.  With  a  single  quick  motion  separate  the  victim  from  the  live  conductor. 
In  so  doing  avoid  receiving  a  shock  yourself.  Many  have,  by  their  care- 
lessness, received  injury  in  trying  to  disconnect  victims  of  shock  from  live 
conductors. 

Observe  the  following  precautions:  (a)  Use  a  dry  coat,  a  dry  rope,  a  dry 
stick  or  board,  or  any  other  drv  nonconductor  to  move  either  ^he  victim  or 
the  wire,  so  as  to  break  the  electrical  contact.  Beware  of  using  metal  or 
any  moist  material.  The  victim's  loose  clothing,  if  dry.  may  be  used  to 
pull  him  away;  do  not  touch  the  soles  or  heels  of  nis  shoes  while  he  remains 
m  contact,  the  nails  are  dangerous.  ,  (b)  If  the  body  must  be  touched  by 
your  hands,  be  sure  to  cover  them  with  rubber  gloves,  mackintosh,  rubber 
sheeting,  or  dry  cloth;  or  stand  on  a  dry  board  or  some  other  dry  insulating 
surface.  If  possible,  use  only  one  hand.  If  the  victim  is  conducting  the 
current  to  ground,  and  is  convulsively  clutching  the  live  conductor,  it 
may  be  easier  to  shut  off  the  current  by  lifting  him  than  by  leaving  him 
on  the  ground  and  trying  to  break  his  giasp. 

3.  pi>en  the  nearest  switch,  if  that  is  the  quickest  way  to  break  the 
circuit. 

3.  If  necessary  to  cut  a  live  wire  use  an  ax  or  a  hatchet  with  a  dry  wooden 
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handle,  or  properly  insulated  pliers. 

II.  Attend  instantly  to  the  victim's  breathing 
of  artificial  respiration  as  described  under  treatment  of  the  apparently 
drowned  (page  477).  Bums  of  the  skin  should  be  treated  as  described  for 
ordit^iry  bums.  Warmth  to  the  body,  gentle  rubbing,  and  later  hot  water, 
milk,  or  coffee  if  the  subject  can  swallow,  are  indicated,  but  do  not  give  any 
liquids  whatever  by  mouth  until  the  subject  is  fully  conscious. 

1  Taken  from  "Rules  for  resuscitation  from  electric  shock."    Issued  by 
the  National  Electric  Light  Association. 
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.DIRECTIONS  TO  BB  FOLLOWED  IN  CilSB  OP  POISONIKO 

(Health  Bulletin  No.  27) 

Send  for  the  doctor  immediately,  if  practicable,  and  if  the  nature  of  the 
poison  is  known,  have  the  messenger  inform  the  doctor  so  that  he  Taa,y  come 
prepared.  If  the  poison  is  unknown,  but  the  bottle  from  which  it  was 
taken  is  found,  save  the  bottle  as  it  maylielp  in  case  of  legal  investigation. 
If  the  poison  has  been  taken  with  suicidal  intent  and  the  patient  survives, 
the  same  caution  is  applicable  that  was  mentioned  under  drowning,  gas 
poisoning,  etc.  Warmth  to  the  body,  light  stimulation,  and  encouragement 
are  indicated. 

In  treating  cases  of  poisoning  first  give  an  antidote,  if  one  is  available; 
second,  promote  early  and  repeated  vomiting  to  remove  the  bulk  of  the 
poison;  third,  give  something  that  will  help  envelope  the  poison  left  in  the 
stomach  and  prevent  its  further  absorption  into  the  svstem;  fourth,  remedy 
the  damage  that  has  been  done,  so  far  as  this  is  possible. 

The  following  "general  antidote,"  which  should  be  prepared  as  needed, 
should  be  given  when  poisoning. by  any  of  the  poisons  mentioned  in  this 
book  occurs  or  if  the  poison  is  unknown:  Magnesia,  2  teaspoonfuls;  char- 
coal, 2  teaspoonfuls;  tannic  acid,  i  teaspoonful.  These  dry  powders  should 
be  kept  thoroughly  mixed  in  the  above  proportions  in  an  air  tight  bottle 
and  when  needed  one  heaping  tablespoonful  should  be  mixed  with  a  cupful 
of  water.    This  is  one  adtut  dose  ana  should  be  repeated. 

Should  there  be  no  tannic  acid  on  hand,  a  cupful  of  very  strong  tea  or 
tea  of  oak  bark  will  take  the  place  of  the  tannic  acid  and  water. 

Vomiting  or  puking  may  be  induced  by  tickling  the  throat  with  a  feather 
or  pushing  the  finger  down  the  throat,  or  by  the  administration  of  one  of  the 
following  emetics  by  mouth: 

Mustard, — One  tablespoonful  stirred  to  a  cream  with  a  cupful  of  tepid 
water. 

Common  Salt. — One  tablespoonful  to  a  cupful  of  tepid  water.  Not  very 
certain  as  an  emetic. 

Alum. — Two  teaspoonfuls  to  a  cupful  of  tepid  water  This  is  a  rather 
feeble  emetic. 

Jpecac-^-^ve  i  tablespoonful  of  the  sirup  in  a  cupful  of  tepid  water. 
Repeat  once  if  necessary. 

The  doses  recommended  throughout  this  article  are  for  adults;  the  amount 
should  be  proportionately  small  for  children  (see  p.  452)* 

Unknown  Poison 

Give  "general  antidote"  following  by  emetics  or  raw  whites  of  several 
eggs;  or,  m  their  absence,  milk,  or  flour  and  water.  The  white  of  egg, 
particularly,  is  inclined  to  pick  up  part  of  the  poison  left  in  the  stomach 
and  hold  it  until  the  patient  can  be  made  to  vomit  again.  If  the  body  is 
limp  and  respiration  is  feeble,  tea  or  coffee  can  be  given  as  a  stimulant,  and 
warmth  applied  to  the  body  with  massage  or  rubbing  will  tend  to  support 
the  circulation.  / 

OPIUM,  LAUDANUM,  PAREGORIC,  MORPHINE,  CODEINE,  HEROIN, 

INDIAN  HEMP 

Give  the  "general  antidote,"  or  potassium  permanganate  (one-third 
teaspoonful  dissolved  in  a  pint  of  water,  no  undissolved  crystals  should 
remain  in  the  fluid),  or  peroxide  of  hydrogen  (2  teaspoonfuls  in  a  pint  of 
water),  or^borax,  or  baking  soda  (about  i  tablespoonful  to  the  pint  of  water) 
followed  by  an  emetic  Whites  of  eggs  and  considerable  quantities  of  strong 
tea  or  strong  black  coffee  should  be  given,  or  if  unable  to  swallow,  inject 
the  coffee  into  the  bowel  with  a  syringe. 

Give  sweet  spirits  of  niter  (x  teaspoonful  in  water  three  times  a  day)  to 
aid  excretion  by  kidneys. 

Keep  patient  awake  by  shaking,  striking  with  wet  towel,  applying  cold 
water  over  face  and  chest,  or  forced  walking. 

Wines  and  liquors  must  not  be  given. 

When  respiration  becomes  slow  and  irregular,  artificial  respiration  should 
be  employed,  the  same  as  is  used  to  restore  the  partially  drowned. 

After  the  dangerous  symptoms  have  subsided,  the  pa^^ent  should  be  put 
in  bed,  warmth  applied,  and  be  should  be  carefully  watched  for  some  time. 
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ARSBNIC,  RATSBANE,  PARIS  GRBBN,  "ROUGH  ON  RATS '* 

FOWLER'S  SOLUTION 

The  best  antidote,  if  the  ingredients  can  be  obtained,  is  prepared  by 
mixing  a  teaspoonftd  of  magnesia  with  a  cup  of  water,  adding  2  tablespoon- 
fuls  of  tincture  of  iron,  stirring  well,  and  giving  the  whole  m  one  dose;  or 
the  "general  antidote"  may  be  given,  followed  by  emetics,  raw  whites  <rf 
eggs  mixed  with  water,  or  large  drinks  of  hot  greasy  water,  or  salt  and 
water  (tablespoonful  to  pint),  or  strong  tea.  Magnesia  may  be  given  in 
tablespoonful  doses  mixed  with  water.  Lime  water  in  large  quantities 
is  of  some  value,  and  in  its  absence  lime  which  may  be  scraped  from  the 
walls  or  ceiling  and  mixed  with  water  may  be  administered. 

Protect  stomach  with  2  tablespoonfuls  of  sweet  oil,  gruel,  starch,  mucilage, 
flaxseed  tea,  or  elm-bark  tea.  Castor  oil  (2  tablespoonfuls)  should  be  given 
after  vomiting  occurs  even  though  the  bowel  movements  are  frequent. 

Pain  can  possibly  be  lessened  by  hot  bottles  to  the  stomach  and  bowels. 

Keep  patient  warm  with  artificial  heat  or  extra  garments,  and  give  strong 
coffee  to  avert  collapse. 

STRYCHNINE,  NUX  VOMICA  (DOG  BUTTON),  FISH  BERRIBS, 

IGNATIA  BEAN 

Give  "general  antidote*'  or  charcoal  (i  tablespoonful)  or  strong  tea 
followed  by  an  emetic,  then  15-grain  doses  of  bromide  of  soda  or  potash  in 
water  repeated  every  hour  until  three  or  four  doses  have  been  taken.  Several 
whiffs  of  ether  may  be  inhaled  from  a  handkerchief  at  the  beginning  of  a 
spasm. 

Give  sweet  spirits  of  niter  (i-teaspoonful  in  water  three  times  a  day). 

Follow  by  a  purge  of  Epsom  salt  or  any  other  saline  cathartic  that  is  at 
hand. 

Artificial  respiration  should  be  employed  the  same  as  is  used  to  restore 
the  partially  drowned  (page  476).  Remove  the  patient  to  a  darkened 
room  and  keep  as  quiet  as  possible;  avoid  any  sudden  noises. 

BICHLORIDE  OF  MERCURY  (CORROSIVE  SUBUMATE) 

Promote  vomiting,  if  not  already  present,  by  giving  mustard  in  watef. 
Do  not  use  salt  as  an  emetic. 

Give  raw  whites  of  eggs  in  water  or  milk  or  give  milk  or  mucilage  in 
abundance.  In  absence  of  eggs,  chop  up  raw,  lean  meat  finely  and  diffuse 
through  water  or  milk  and  give.  It  is  necessary  that  vomiting  be  induced 
after  the  eg^,  milk,  or  meat  are  given,  as  the  mixture  formed  of  these  sub* 
stances  wiU  be  absorbed  if  allowed  to  remain. 

The  "general  antidote,"  strong  tea,  and  later  flour  and  water,  barley 
water,  or  flaxseed  tea.  or  elm-bark  tea  may  be  given. 

Borax  in  water,  about  a  tablespoonful  to  the  pint  of  water,  is  recom- 
mended, but  is  of  doubtful  value. 

Stimulate  with  strong  coffee  if  necessary. 

ACID  POISON-ACETIC,  MURIATIC,  NITRIC,  SULPHURIC,  ETC. 

Give  no  emetic. 

Give  "general  antidote,"  large  drinks  of  water  (or  milk)  with  chalk, 
whiting,  borax,  magnesia,  or  baldn^  soda,  or  wood  ashes,  or  strong  soap- 
suds; plaster  from  the  wall  may  be  given  in  emergency;  olive  oil,  raw  whites 
of  eggs  beaten  up  with  water,  and  later  flaxseed  tea,  elm-bark  tea,  gruel 
starch,  mucilage  freely. 

Laudanum  (20  drops)  may  be  given  if  there  is  much  pain. 

CARBOLIC  ACID  AND  CRESOL  AND  COAL-TAR  DISINFECTANTS 

GENERALLY 

Give  alcoholic  liquors  (whisky,  brandy,  etc.)  or  egual  parts  of  alcohol 
and  water  freely  to  dissolve  the  poison.  Produce  vomiting  to  get  rid  of  the 
alcoholic  mixture.  In  the  absence  of  alcoholic  liquors,  nve  vinegar,  soap- 
suds, or  raw  whites  of  eggs  in  water.  Give  solution  of  Epsom  or  Glauber 
salt  or  sodium  phosphate  well  diluted  to  hasten  elimination  of  acid  that 
may  have  enterecf  the  circulation.  ' 
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Do  not  give  oils  or  glycerin. 

Milk,  gruel,  flaxseed  tea,  or  elm*bark  tea  may  then  be  given.    Hot  applica- 
-  tions  to  extremities.    For  oollapse  give  strong  ooffee.    Apply  artificial  respi- 
ration if  breathing  stops. 

ALKAU  POISONS-LTB,  HARTSHORK,  PRARLASH,  BTC. 

Assist  vomiting  with  lar^^e  drinks  of  tepid  water. 

Give  vinegar,  lemon  juice  or  orange  juice,  hard  cider,  whites  of  eggs 
beaten  with  water. 

Follow  by  sweet  oil,  milk,  gruel,  barley  water,  flaxseed  tea,  or  elm-bark  tea 

PTOMAINE  POISONING  FROM  FISH  ' 

The  symptoms  of  ptomaine  poisoning  are  practically  the  same  as  those 
of  "Cholera  Morbus." 

"General  antidote,"  emetics,  copious  drinks  of  strong  tea,  repeat  emetic, 
then  castor  oil  (2  tablespoonfuls)  should  be  given.  Continue  treatment  as 
given  for  cholera  morbus. 

CHOLERA  MORBUS  (SPORADIC  CHOLERA) 

Cholera  morbus  is  an  affection  of  the  stomadi  and  intestines,  attended 
by  vomiting,  purging,  and  cramps.  It  comes  on  suddenly,  and  may  begin 
by  vomitixig  or  purging.  It  is  usually  met  with  during  the  hot  months  of 
summer.  It  is  frequently  caused  by  eating  unripe  and  indigestible  fruits 
and  vegetables,  decomposed  or  improperly  cooked  fish,  shellfish,  or  salad 
mixtures.  Drinking^  large  quantities  of  iced  water-  and  sudden  checking  of 
the  perspiration'j  or  irritants  of  any  kind,  may  set  up  the  trouble.  The  dis- 
ease usually  begins  suddenly,  often  at  night,  with  vomiting,  after  a  feeling  of 
uneasiness,  nausea,  or  a  severe  cramp.  The  contents  of  the  stomach  are 
first  thrown  up,  then  a  bilious  matter.  The  stools  are  at  first  solid  or  semi- 
solid, but  they  soon  become  more  watery,  lose  their  color,  and  sometimes 
api>ear  not  unlike  the  rice-water  stools  of  genuine  Asiatic  cholera.  The 
patient  soon  has  a  wasted  look.  His  thirst  is  unquenchable.  His  skin  may 
become  cold  and  clammy  and  the  pulse  very  weak.  Cramps  may  occur  in 
the  feet  and  in  the  calves  of  the  legs.  The  disease  runs  a  rapid  course. 
The  acute  symptoms  may  subside  in  a  few  hours.  The  attack  seldom  Usts 
more  than  I3  hours.  Recovery  is  the  rule,  but  treatment  should  be  promptly 
applied. 

Treattnent.'—Apply  a  large  mustard  plaster  to  the  abdomen.  Give  15 
drops  of  laudanum.  If  the  dose  is  rejected  (immediately  vomited),  try  it 
again.  If  it  is  still  not  retained,  then  try  2  tablets  of  Sun  Cholera  Mixture. 
If  vomiting  quickly  occurs,  then  inject  into  the  rectum  by  means  of  a  glass 
or  rubber  synnge  about  ao  drops  of  laudanum  mixed  with  a  little  thin  starch 
or  a  little  water.  The  rectal  injection  should  be  given  immediately  after 
an  evacuation,  and  the  patient  sliould  be  instructed  to  hold  it  as  long  as 
possible.  In  whatever  way  the  remedy  is  given,  the  dose  should  be  repeated 
in  about  one  hour  if  the  vomiting  and  purging  continue. 

If  must  not  be  foi|totten,  however,  tnat  all  these  remedies  contain  opium, 
and  that  if  the  patient  is  inclined  to  sleep  or  shows  other  constitutional 
effect  of  the  drug  the  dose  must  not  be  repeated. 

The  nausea  and  thirst  may  be  controUed  by  cracked  ice  placed  in  the 
mouth.  Small  quantities  of  carbonated  water  may  be  allowed.  If  the 
thirst  is  very  urgent  a  tablespoonful  of  iced  water  may  be  given  at  short 
intervals. 

BROKEN  BONES  (FRACTURES) 

There  are,  many  varieties  of  fracture.  A  fracture  is  said  to  be  simple 
where  there  is  no  open  wound  directly  over  the  bone  injury;  compound  when 
there  is  an  opening  in  the  skin  and  soft  parts  extending  down  to  the  broken 
bone;  comminuted  when  the  bone  is  broken  in  seversJ  places^  complicated 
when  it  is  associated  with  other  injuries,  as  dislocation  of  the  joint  or  rupture 
of  the  main  artery  of  the  limb;  impacted  when  one  fragment  is  driven  into 
another. 

SIMPLE  FRACTURES 

In  a  typical,  well-marked  fracture  of  a  bone  in  one  of  the  limbs  we  will 
find  the  following: 
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1.  History  of  an  injury. 

2.  Pain  and  tenderness,  and  later  swelling;  and  sometimes  discoloration 
of  the  part. 

3.  Deformity  in  some  cases. 

4.  Shortening,  due  to  the  fact  that  in  most  cases  the  break  is  obliquely 
across  the  bone  and  the  fragments  override. 

5.  Scraping  noise,  called  crepitus,  when  the  ends  of  the  bones  are  rubbed 
together. 

6.  Inability  or  disinclination  to  use  the  part.. 

Any  of  these  signs  may  be  absent  in  a  given  case.  Sometimes  it  is  im- 
possible to  tell  without  an  ^ray  examination  whether  one  has  to  deal  with  a 
fracture,  a  sprain,  or  a  bruise,  but  in  such  cases  it  is  always  best  to  assume 
that  there  is  a  fracture. 

^  In  transverse  fracture,  where  the  break  is  straight  across  the  bone  at  a 
rig^t  angle  with  the  long  axis  of  the  bone,  or  in  a  fracture  near  a  joint, 
there  may  be  no  shortening  and  no  deformity.  In  fractures  of  certain 
bones,  as  the  skull  or  the  spine,  or  in  an  impacted  fracture,  there  may  be  no 
motion.  In  fracture  of  the  kneepan  or  the  elbow  the  fragments  are  pulled 
apart  bjr  the  muscles,  so  that  there  is  lengthening  instead  of  shortening.  ' 

Examination  should  always  be  made  as  soon  as  possible  after  the  accident. 
Under  the  most  favorable  circumstances  it  is  sometimes  difficult  to  deter- 
mine whether  a  bone  is  broken  or  not,  and  the  difficulty  is  greatly  increased 
if  the  examination  is  delayed  until  inflammatory  swelling  has  set  in.  In 
fractures  of  the  extremities  the  sound  limb  should  always  be  placed  along- 
side the  injured  one  for  comparison.  The  shortening  in*  fracture  of  the 
thigh  may  be  from  i  to  3  inches,  but  it  must  not  be  forgotten  that  in  some 
persons  there  is  a  natural  difference  of  as  much  as  half  an  inch  in  length 
of  the  pair  of  legs;  and«a  limb  may  be  otherwise  naturally  deformed  and 
this  deformity  should  not  be  mistaken  for  accidental  def6rmity.  In  the 
leg  below  the  knee  there  are  two  parallel  bones  (tibia  and  fibula.).  In 
simple  fracture  affecting  only  one  of  these  bones  the  deformity  and  crepitus 
are  less  marked;  and  the  same  may  be  said  of  the  forearm,  if  fracture  exists 
in  only  one  of  the  bones  (radius  or  ulna).  If  both  bones  of  the  leg  (tibia  and 
fibula)  or  of  the  arm  (radius  and  ulna)  are  affected,  there  may  be  con- 
siderable deformity,  and  it  is  a  curious  fact  that  fracture  of  these  bones 
seldom  occurs  on  the  same  level.  The  distance  between  the  fractures  may 
be  from  i  to  3  inches,  usually  greater  in  the  leg  than  in  the  forearm. 

Crepitus  (the  sound  heard  or  feeling  imparted  to  the  hand  when  the 
broken  ends  of  the  bone  are  rubbed  together)  is  a  valuable  symptom  of 
fracture,  but  it  can  not  always  be  detected,  and  when  other  marked  signs 
or  symptoms  are  present,  need  not  and  should  not  be  looked  for.  In  frac- 
tures of  the  leg  below  the  knee  or  the  forearm,  involving  only  one  of  the  bones, 
it  is  hard  to  make  out  because  of  the  difficulty  of  rubbing  the  broken  ends 
together,  and  when  much  swelling  exists  the  difficulty  is  increased,  or  a 
false  crepitus  may  be  produced.  In  impacted  fractures,  which  occur  chiefly 
in  the  neck  of  the  thigh  bone,  no  effort  should  be  made  to  obtain  crepitus. 
The  important  thing  in  such  cases  is  not  to  disturb  the  impacted  fragments, 
for  if  pulled  apart  recovery  is  rendered  more  difficult. 

Treatment — This  can  best  be  described  by  taking  as  an  example  a 
fracture  of  both  bones  in  the  middle  of  the  leg.  The  object  of  the  treat- 
ment is  to 

1.  Set  the  bone  (known  as  reducing  the  fracture).^ 

2.  Apply  some  dressing  that  will  hold  the  broken  pieces  of  bone  in  position. 

?.  Watch  for  swelling,  and  see  that  the  bandages  are  not  too  tight, 
n  handling  a  broken  leg,  or  one  in  which  a  broken  bone  is  suspected, 
the  leg  should  always  be  stretched  by  grasping  it  above  and  below  the 
fracture  point.  This  prevents  deformity,  injury  to  the  blood-vessels, 
nerves,  and  soft  parts  of  the  sharp  ends  of  the  bones,  and  causes  the  patient 
less  pain.  If  a  patient  with  a  broken  leg  is  to  be  placed  on  a  bed,  one  or 
two  boards  should  be  passed  under  the  springs  of  the  bed  from  side  to  side 
to  prevent  sagging,  as  this  would  cause  displacement  of  the  bones  and  pain 
to  the  patient.  One  person  grasps  the  foot  firmly,  with  both  hands  placed 
over  the  instep  and  heel,  respectively,  and  pulls  down,  while  another  person 
grasps  the  thigh  Just  above  the  knee  with  both  hands  and  pulls  in  the  oppo- 
site direction.  ^  While  the  leg  is  thus  extended  and  the  attention  of  the  two 
assistants  is  directed  solely  to  this  injured  leg,  other  persons  pick  up  the 
patient  carefully  and  transfer  him  to  the  bed.  If  a  doctor  can  be  reached 
in  a  comparajiively  short  time,  the  leg  can  be  held  in  position  by  means  of 
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on  (Mige  along  the  imide  nf  the  leg 
louch  (be  boud. 
If  the  patient  is  to  be  transported 
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The  broken  leg  is  approximately  ii 
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will  hold  it  stiff  and  not  allow  the  broken  boDea  to  move.     Any  d 
applied  for  this  purpose  should  be  well  padded  with  cotton,  soft 
cfothins.  moB.  or  anything  that  ia  available.     Particular  attention 
be  paid  to  the  ankle,  the  beel.  and  also  the  parts  nea: 
they  are  all  well  cushioned.     A  piece  o"  ' 

molded  fairly  well  to  the  leg.     Someti ^.. 

low.  if  supported  by  strips  of  wood  on  the  outside  to  prevent  it  bending 
can  be  u^ed.  The  dressing  is  bound  to  the  limb  wilh  bandages.  Thesi 
may  lie  made  by  tearing  up  a  iheet,  pillowcBK,  ihirt,  or  blanket. 


^cboard  n 
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The  toes  should  not  be  inclosed  in  the  dressing,  because  if  the  doctor 
can  not  be  reached  in  a  short  time,  it  is  necessary  to  watch  the  toes  to 
determine  whether  the  swelling  has  made  the  dressing  too  tight.  If  the 
toes  are  bluish  and  cold,  the  bandages  should  be  loosened  to  let  the  blood 
circulate.  If  plaster-of-Paris  or  cement  is  at  hand,  a  Bavarian  splint  can 
be  made  by  a  layman.  Take  two  pieces  of  blanket  as  long  as  the  lower 
leg  and  i8  inches  wide.  Fold  each  piece  in  the  center  along  its  long  di- 
mension and  sew  these  folds  together,  as  shown  in  the  illustration.  Place 
the  leg  on  the  seam,  brii^  the  upper  fold  up  on  either  side,  and  let  the  two 
surround  the  leg.  trimming  off  the  blanket  so  that  the  edges  simply  come 
together  but  do  not  lap.  Now  smear  the  wet  plaster-of- Paris  or  cement 
over  this  layer,  and  then  bring  up  the  other  layer  around  the  leg.  trim  it 
in  the  same  manner,  and  tie  the  dressing  on  with  several  bandages  un^l  it 
"sets."  This  kind  of  a  splint  can  be  opened  at  anir  time  for  ezamina> 
tion  of  the  leg,  the  seam  at  the  back  acting  like  the  hinge  of  a  clam  shell. 
Possibly  wet  clay  could  be  used  in  such  a  dressing  if  the  limb  could  be 
placed  before  a  fire  to  dry. 

The  necessary  thing  in  all  first-aid  work  is  to  get  the  principles  firmly 
fixed  in  the  mind,  and  human  ingenuity  will  find  a  way  of  carnring  out 
these  principles.  A  box  can  be  constructed  to  incase  the  limb,  it  being 
properly  padded.  Whatever  dressing  is  applied,  if  the  patient  is  to  be 
moved  any  distance,  it  is  best  to  make  the  dressing  long  enough  to  cover 
the  joints  above  and  below  the  fracture  and  thus  prevent  the  bones  moving, 
as  there  will  then  be  less  danger  of  displacing  them  and  the  patient  will  be 
more  comfortable.  If  the  bandage  fs  rolled  loosely  and  stirred  about  in  a 
vessel  of  thick  starch  it  can  then  be  applied  hot,  and  when  dry.  forms  an 
excellent  stiff  dressing;  but  such  a  bandage  should  not  be  stretched  while 
being  applied,  because  the  starch  contracts  in  drying  and  the  dressiz^ 
would  in  that  case  be  too  tight.  A  starch  dressing  after  drying  can  be  split 
up  along  the  front  leg  to  loosen  it.  and  then  held  in  position  by  several 
bandages. 

COMPOUND  FRACTURES ' 

Compound  fractures  are  serious  accidents  and  require  prompt  attention 
The  treatment,  so  far  as  the  bone  is  concerned  (place  it  in  normal  position 
and  keep  it  there),  is  the  same  as  for  simple  fracture.  But  to  do  this  and  at 
the  same  time  give  proper  attention  to  the  wound  in  the  soft  parts  (the 
open  wound  extending  down  to  the  bone)  frequently  demands  the  highest 
surgical  skill. 

^  Shock  from  loss  of  blood  is  the  immediate  danger.  Inflammation,  ery- 
sipelas, blood  poisoning,  or  lockjaw  may  set  in  later,  and  still  later  the 
patient  may  become  exhausted  from  long  continued  suppuration. 

Treatment. — If  the  wound  is  very  small,  it  should  be  well  cleaned  with 
hot  water  (water  that  has  been  raised  to  the  boiling  i>oint  and  allowed  to 
cool  down  to  about  I30*  P.)  or  by  antiseptic  solution  (solution  bichloride 
of  mercury  i  to  5000)  (see  page  473)  then  covered  with  aseptic  gauze,  and 
the  case  treated  as  a  simple  fracture.  (Clean  hands  as  indicated  on  page 
473} •     The  services  of  a  i>hy8ician  should  be  obtained  if  i>ossible  as  the 

{>atient  should  have  an  injection  of  serum  (tetanus  antitoxin)  to  prevent 
ockjaw. 

In  nearly  all  cases,  however,  the  safest  and  best  plan  is  to  leave  the 
wound  uncovered  by  splint  or  bandage,  so  that  light  dressings  may  be  easily 
applied  and  frequently  changed.  The  wound  should.be  thoroughly  cleansed 
with  hot  water  and  antiseptic  solution  before  reducing  the  fracture,  for  if 
dirt  on  the  end  of  the  bone  or  skin  is  drawn  into  the  wound  when  the  bone  is 
returned  to  its  proper  jplace,  infection  with  organisms  causing  lockjaw  or 
other  dangerous  conditions  may  occur,  by  which  the  patient  may  lose  his 
limb  or  his  life.  The  splints  or  extending  ai>paratus  should  be  so  arranged 
that  the  wound  is  freely  accessible  and  easily  drained.    Strips  of  aseptic 

fauze  should  be  placed  in  the  wound  and  gentler  carried  down  to  the  bottom 
y  means  of  a  probe,  and  a  larger  piece  of  aseptic  gauze,  in  loose  folds  should 
be  laid  over  the  wound. 

The  aseptic  gauze  dressing  should  be  renewed  every  day  or  eveiy  second 
day,  or  as  often  as  necessary  to  keep  the  wound  well  drained  until  it  heals 
from  the  bottom. 

In  severe  cases  amputation  may  be  necessary  to  save  life,  and  in  all  cases 
the  patient  should  be  placed  under  the  care  of  a  surgeon  as  soon  as  possible. 
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FRACTURE  OF  THE  LOWER  JAW 

Fracture  of  the  lower  jaw  may  be  simple,  compound,  or  comminuted. 
The  mucous  membrane  of  the  mouth  is  nearly  always  lacerated,  the  bleed- 
ing ia  usually  not  severe  (oozing  only),  but  there  may  be  hemorrhage  from 
an  artery  (the  inferior  dental),  saliva  dribbles  from  the  half  open  mouth, 
the  teeth  may  be  out  of  line,  pain  is  apt  to  be  severe,  and  there  may  be 
considerable  deformity  and  a  false  point  of  motion. 

Treatment. — Restore  the  parts  to  the  natural  position  and  keep  them 
at  perfect  rest,  first  washing  out  the  mouth  with  hot  water  to  cleanse  it  and 
check  bleeding.  If  the  bleeding  is  very  severe,  pressure  should  be  made 
by  the  thumb  or  finger  for  a  time  on  the  bleeding  point,  if  possible,  or  on  the 
large  arterv  (carotid)  on  the  side  of  the  neck,  which  may  be  easily  located 
by  the  musation.  Loose  teeth  or  pieces  of  bone  should  not  as  a  rule  be 
removed.  Mold  them  into  place,  bring  the  teeth  and  jaw  into  natural 
lines,  and  keep  them  so  by  a  pasteboard  or  binder's  board.splint,  held  in  place 
by  a  four-tailed  bandage. 

If  the  parts  can  not  oe  kept  in  place  by  the  methods  described,  the  teeth 
may  be  fastened  together  with  wire  passed  between  the  teeth  on  each  side 
of  the  break  and  twisting  the  ends  together.  Feed  the  patient  on  liquid 
food  through  a  rubber  tube  introduced  behind  the  laist  tootn  or  through  any 
space  left  by  the  loss  of  a  tooth,  the  object  being  to  prevent  movement  of 
the  jaw.  Wash  out  the  mouth  frequently  with  hot  water,  and,  if  necessary, 
change  the  dressing  every  two  or  three  days  until  the  end  of  about  the 
sixth  or  eighth  week,  when,  if  all  goes  well,  union  will  be  complete,  and  the 
splint  and  bandage  may  be  discontinued. 

FRACTURE  OF  THE  NOSE 

If  the  nose  is  broken  and  it  is  possible  to  reach  a  doctor  within  four  or 
five  days,  it  is  best  for  the  layman  not  to  attempt  to  restore  the  bones  to 
position.  If,  however,  there  is  great  depression  of  the  nose,  and  a  doctor's 
services  can  not  be  obtained  for  a  long  time,  a  gentle  effort  may  be  made 
to  lift  the  bones  into  position  by  passing  into  the  nostrils  a  thin  stiff  piece 
of  metal  well  wrapped  with  some  soft  material.  When  the  patient  can 
breathe  well  through  either  nostril  while  the  other  nostril  is  held  closed,  it  is 
an  indication  that  the  bones  are  in  fairlv  good  position.  The  operation 
described  is  a  technical  procedure  and  should  not  be  attempted  by  a  layman 
except  in  an  extreme  case  where  medical  assistance  can  not  be  obtained. 

FRACTURE  OF  THE  SKULL 

If  the  skull  is  fractured,  there  may  be  unconsciousness,  paralysis,  bleed- 
ing from  the  nose  or  ears,  or  other  unusual  manifestations.  It  is  important 
to  get  the  doctor  as  soon  as  possible.  In  the  meantime,  it  is  a  very  good 
general  rule  in  this,  as  well  as  in  all  first-aid  wo^k,  to  keep  the  patient's 
head  cool  and  the  feet  warm.  If  ice  is  at  hand,  an  ice  cap  can  be  made 
by  tsring  up  the  broken  ice  in  a  piece  of  mackintosh',  oilcloth,  rubber  sheet- ' 
ing,  or  other  waterproof  material  that  will  keep  the  patient  from  getting 
wet.  Warmth  to  the  feet  and  body  can  be  applied  by  hot  water  in  bottles 
or  jugs,  or  by  heating  plates,  stones,  or  bricks  in  water  and  wrapping;  them 
well.  Remember  always  that  an  unconscious  man  or  one  seriously  injured 
cannot  tell  his  willing  helpers  when  a  thing  is  too  hot,  and  due  care  should 
be  exercised.  Do  not  pour  whisky  down  the  patient's  throat.  If  he  is  able 
to  swallow,  he  probably  does  not  need  a  stimulant;  and  if  he  can  not  swallow, 
the  whisky  will  choke  him.  In  many  cases,  the  first  resort  of  the  layman 
is  the  whisky  bottle,  and  when  the  doctor  arrives  he  can  not  tell  how  much 
of  the  stupor  is  due  to  the  whisky  and  how  much  to  the  injury. 

If  it  is  impossible  to  obtain  the  services  of  a  physician  for  several  days, 
care  should  be  taken  to  see  that  the  patient  passes  his  urine.  If  no  urine  is 
voided  for  24  hours  after  the  injury  a  hot  pack  of  towels,  wrung  out  of 
hot  water,  should  be  placed  over  the  bladder;  the  pack  must  not  be  too  hot 
or  the  patient  may  be  burnt.  If  this  does  not  have  the  desired  effect,  a 
soft  rubber  catheter,  if  one  is  obtainable,  after  being  boiled  for  five  minutes, 
should  be  carefully  introduced  into  the  urinary  canal  and  the  urine  drawn 
off.  Before  taking  this  step  the  person  who  has  charge  of  the  patient  should 
thoroughly  cleanse  his  own  hands  and  carefully  wash  the  genital  organs  of 
the  patient  with  soap  and  water. 
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FRACTDKB  OP  SIB8 

of  tlie  riba  ore  sometimn  difficult  to  determine,  but  If  pnaent 
..... ..,.__.  , ^5ifthe 


<  «  Btitchiilce  pain  upon  taking  a  deep  breath;  and  if  t 
ipnued  by  one  haria  on  the  tjreoatboiie  and  the  other  i 
atient  may  complain  of  pain  at  the  point  where  the  bone 

:e  this,  and  as  the  ril»  an  conitantlr  movins  in  breathinc. 
e  done  in  the  wk)f  of  first  aid  ii  to  strap  the  injurrd  side 
,na  plaster  3  or  3  inches  vide,  long  enough  to  reach  from 
Tint  or  a  little  bevond  ta  the  middle  line  behind  or  farther, 
tightly  and  eiteading 


e  veil  up 


r  inches 


o  the  I 


n  the  I 


PRACTUSB  OP  THB  THtTHB  AJTD  RirGSSS 
— Put  the  fragments  in  place  by  eiteasion  and  piessun;  thi 
cut  a  piece  of  paateboaid.  leather,  cigar  box.  or  thin  board  long  enough 
eatend  from  above  the  wrist  joint  lo  a  little  belov  the  ends  of  the  lingers  ai 
a  little  wider  than  the  hand.  Cover  the  board  with  lint  or  any  soft  clot 
place  the  palm  of  the  band  flat  upon  it,  and  apply  a  bandage  around  tl 
whole  band  and  vrist. 

If  pasteboard  or, leather  be  used,  it  may  first  be  dipp 
and  then  mole 
then  lined  or  coverea  wiin 
not  to  Duke  the  bandage  U: 

EUCTUBS  OP  THE  FORSAXH 

Hu  (oreann  atteada  from  the  wrist  to  the  elbow.  When  both  boBM  an 
broken  there  is  apt  to  be  marked  displacement  and  crepitua  (gmtioa  fdt 
by  lubbing  the  broken  ends  of  tbe  bone  together).     When  only  ooebone 


stretching  the  forearm  by  gratpin 
it  «eem«  fairly  straight,  lay  the 
board,  well  padded,  and  place  01 

and  evenly  bandage  the  splint 


It  joint   (Colles's  fracture) 

— _  _  lilver  fork  in  ihape. 

ke  a  thin  board  jK  inchea  vide  and  long 
lo  the  tips  of  the  fingers  (Pig.  loj).  After 
S  the  hand  and  the  arm  above  the  elbow  until 
palm  side  of  the  forearm  and  hand  on  the 
1  the  back  of  the  forearm  and  hand  knolber 
from  the  elbow  to  the  knuckles.     (>™(ully 
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Leave  the  tips  of  the  fincsn  uncovered  lo  nstcb  the  circulstion  (Pig.  loS). 
The  bandaged  aim  can  b«  earned  in  a  aliag. 

Another  my  to  hold  the  «plint«  in  phice  ii  to  aMily  etri™  of  adheaiv* 
plaster  ai^und  them,  one  at  the  upper  and  tbe  other  at  the  lower  end. 


ind  stiBighteniog  o 


PRACTORE  0¥  THS  ARU  (BSTWEEN  THE  BLBOW  AND 

SHOULD&R) 

TrMitmeat — In  a  break  of  the  upper  arm  it  is  well  to  nialie  tvo  autters 

ef  moistened  pasteboard,  and  appljr  tbem  after  padding  to  the  outside  and 

inside  of  the  arm.     The  entice  arm  and  forearm  should  then  be  supported 

by  tvo  apgular  Eplints  (Pigs.  107  and  log)  made  of  this  board,  one  applied 
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from  the  fingers  to  the  armpit,  the  other  from  the  fingers  to  the  shoulder. 
The  padding  should  be  especially  heavy  and  even  about  the  elbow  and  any 
other  place  where  the  bones  naturally  come  near  the  skin. 

If  much  swelling  occiirs,  all  bandages  must  be  loosened. 

The  splint  should  be  worn  about  eight  weeks.  Under  the  most  favorable 
circumstances,  after  fracture,  this  bone  (the  humerus)  sometimes  fails  to 
unite.     At  least -once  a  week  the  joints  should  be  moved  to  i>revent  stiffness. 

Fractures  of  the  arm  (of  the  humerus)  at  or  near  the  elbow  joint  or  shoulder 
joint  are  frequently  very  difficult  to  aetermine,  even  bjr  the  most  sldllful 
surgeon,  especially  if  some  time  has  elapsed  since  the  injury  was  received; 
and  the  treatment  of  necessity  is  equally  diffictdt. 

If  near'or  at  the  elbow  joint,  and  if  there  is  much  pain,  heat,  and  swelling, 
as  is  apt  to  be  the  case,  cold  applications  should  be  used,  and  the  arm  laid 
upon  a  pillow  until  the  swelUng  has  gone  down.  A  rectangular  splint 
of  binder  s  board  or  leather  should  then  be  dipped  in  hot  water  and  applied 
to  the  inner  side  of  the  arm  and  forearm.  The  splint  should  be  wide  enough 
to  extend  nearly  half-way  around  the  arm.  It  must  be  well  passed  and 
held  in  place  by  a  roller  bandage,  and  the  forearm  supported  by  a  sling. 


V       ' 
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Pig.  I 10. 


Pig.  III. 


Pig.  112. 


If  the  break  is  near  the  shoulder  joint,  the  dressing  can  be  suppleqiented 
by  slitting  a  piece  of  pasteboard,  at  one  end,  moistening  it,  and  molding  it 
to  form  a  shoulder  cap  (Pigs.  no.  in  and  lia),  which  is  bound  in  place  by 
passing  bandages  from  the  injured  shoulder  around  the  body  and  opposite 
shoulder. 

After  the  application  of  any  apparatus  for  fracture  of  the  arm  or  forearm, 
the  circulation  should  be  carefully  watched  by  feeling  the  pulse  at  the 
wrist.  H  it  can  not  be  felt,^  or  if  the  fingers  swell,  the  bandages  should  be  re- 
moved and  reapplied  less  tightly. 

FRACTURE  OF  COLLAR  BONB 

The  collar  bone  connects  the  breastbone  to  the  shoulder.  Children  may 
have  a  greenstick  fracture  in  which  this  bone  is  not  completely  broken 
across.  In  adults  the  fracture  is  nearly  always  a  simple  one,  the  boaes 
overriding.  The  shoulder  drops  downward  from  its  own  weight  and  is 
drawn  inward  and  forward  by  the  muscles.  The  first  aid  indications  are 
therefore  to  overcome  these  actions  as  far  as  possible,  and  to  force  the 
shoulder  upward,  outward,  and  backward.  Placing  the  arm  in  a  sling  will 
draw  the  snoulder  upward  to  a  certain  extent,  and  this  can  be  assisted,  if 
sticking  plaster  is  available,  by  placing  the  hand  of  the  injured  side  on  the 
opposite  shoulder  and  then  binding  it  there  by  placing  the  middle  of  a  long 
strip  of  2  or  3  inch  sticking  plaster  under  the  elbow,  one  end  passing  along 
the  forearm  to  the  hand  on  the  shoulder  and  the  other  end  passing  diag- 
onally across  the  back  to  meet  the  first  end  on  the  shoulder.  Other  strips  of 
sticking  plaster  or  a  bandage  passed  around  the  injured  shoulder,  then 
across  the  back,  and  fastened  around  the  body,  will  force  the  shoulder 
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backward  and  to  a  slight  extent  outward  and  make  the  patient  more  com- 
fortable  until  the  doctor  arrives.  In  the  absence  of  sticking  plaster  a  band- 
age applied  in  a  "figure  of  eight"  may  hold  the  shoulders  in  fairly  good 
position  (Pigs.  113  and  114).  Stand  at  the  patient's  back,  pass  the  bandase 
over  one  shoulder  to  the  front,  then  under  the  armpit  to  the  back,  across  tne 
back  to  the  front  of  the  opposite  shoulder,  through  this  armpit  to  the  start- 
ing point  on  the  back.  Go  over  the  route  several  times  with  some  tension 
on  the  bandage,  and  then  make  the  end  fast. 


Pig.  113.  Pig.  114. 

FRACTURE  OF  THE  THIGH 

The  thigh  bone  (femur)  extends  from  the  hip  to  the  knee.  Fracturet  of 
this  bone  may  occur  in  any  portion  of  the  shaft,  but  the  most  common  seat 
of  fracture  is  about  the  middle  or  the  middle  third.  Fractures  high  up 
near  the  hip  joint  are  frequently  difficult  to  make  out,  and  the  results  of 
treatment  in  such  cases,  even  under  the  care  of  skillful  surgeons,  are  not 
always  satisfactory. 


Pig.  115. 

In  fracture  of  the  middle  or  middle  third  of  the  bone  the  deformity  is 
usually  produced  b>r  the  lower  fragment  (the  broken  end  of  the  lower  por- 
tion 01  tne  bone)  being  drawn  up  behind  and  to  the  inner  side  of  the  upper 
fragment;  the  weight  of  the  limb  then  causes  rotation  and  the  foot  and  toes 
are  turned  outward. 

If  the  fracture  is  a  little  higher  up,  displacement  is  shown  by  the  upper 
fragment,  which,  by  the  action  of  the  muscles,  is  thrown  strongly  forward 
and  outward.  In  either  case  there  are  complete  loss  of  power,  shortening 
to  the  extent  of  i  to  2  or  3  inches,  pain  on  the  slightest  movement,  crepitus 
(grating)  if  the  broken  ends  of  the  bone  are  rubbed  together,  and  abnormal 
motion. 
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In  impacted  fractures,  which  are  met  chiefly  at  or  near  the  hip  joint,  the 
shortening  may  be,  and  usually  is,  less  marked.  Loss  of  power  is  txsually 
complete,  but  not  alwa>rs.  Patients  have  been  known  to  stand  and  even 
walk  a  few  steps.  Injuries  of  this  kind  require  the  greatest  care;  the  limbs 
should  be  handled  very  carefully.  If  on  slight  traction  or  nianipulation 
crepitus  is  not  felt,  no  further  attempt  should  be  made  to  obtain  this  symp- 
tom, for  in  doing  so  the  impacted  bones  may  be  pulled  apart,  which  is 
to  be  avoided  unless  especially  directed  by  a  slallful  surgeon. 


Pig.  ii6. 

Treatment. — In  the  absence  of  a  physician,  about  all  that  can  reasonably 
be  done  in  impacted  fracture  &  to  apply  a  broad  bandage  around  the  hips 
and  place  the  patient  in  a  good  bed  on  a  fitm  mattress  and  make  lateral 
support  by  means  of  boards  (Fig.  US)  or  by  sandbags,  one  on  the  outside 
long  enough  to  reach  from  the  upper  end  of  the  hip  bone  to  the  foot,  the 
other  along  the  inner  side  of  the  leg  from  the  crotch  to  the  foot.  Fill  the 
bags  three-quarters  full  of  dry  sand.     Keep  the  leg  straight,  toes  upward. 


Pig.   117. 

•  T'«*toj*°*  ?^  nonimpacted  fracture  of  the  thigh  bone  at  or  near  the  hip 
io*^*;.  flace  both  legs  911  the  double  inclined  plane,  or  make  extension  and 
ftx  this  limb  in  the  straight  position  by  means  of  a  long  splint  (a  splint  ex- 
tending from  the  armi)it  to  the  foot),  or  by  the  weight  and  pulley,  or  by  the 
long  splmt  and  the  weight  and  pulley  combined  in  the  manner  now  about 
I  th  *t?  h"bo  '*^  <^o»*iection  with  the  treatment  of  fracture  of  the  shaft 
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Treatment  of  fractures  of  the  shaft  of  the  thigh  bone.  In  fractures  of 
the  shaft  of  this  bone  the  signs  and  symptoms,  as  already  stated,  are  usually 
well  marked.  If  the  fracture  is  at  the  upper  end  or  in  the  upper  third  of  the 
bone,  especially  if  the  upper  fragment  is  tilted  forward,  the  double-inclineid 
plane  (Pig.  Ii6)  well  padded  or  covered  with  pillows,  with  weight  and  pulley 
attached  oy  means  oi  adhesive  stuck  to  each  side  of  the  thigh  as  far  as  the 
knee,  affords  the  easiest  and  probably  the  best  means  of  treatment.  But 
in  the  majority  of  cases  when  the  fracture  is  farther  down,  about  the  middle 
or  in  the  middle  third  of  the  bone,  the  weight  and  pulley  with  leg  and  long 
splint  combined  (Fig.  ii8)  are  better  adapted  if  properly  applied.  Sand- 
bags placed  alongside  may  also  be  used  in  connection  with  any  of  the  strsight 
splints.     In  all  cases  the  fracture  should  be  reduced  by  gradually  pulling 


Pig.  1 1 8. 

and  carefully  pressing  the  broken  bones  into  their  natural  position.  In 
addition  to  the  splints  alreadv  mentioned,  short  splints  of  narrow  strips  of 
thin  board  or  binder's  board  should  be  applied  directly  over  the  seat  of 
fracture.  If  a  double-inclined  plane  is  not  at  hand,  two  broad  pieces  of 
board  may  be  nailed  together  at  a  suitable  angle  and  used  instead,  always 
properly  padded  or  covered  with  pillows. 

The  Weight  and  Pulley  (Pias.  ii6  and  ii8). — The  weight  and  pulley  are 
applied  as  follows:  Measure  the  distance  from  i  inch  below  the  leg  and  thigh 
in  a  straight  line  (Pig.  117)  or  the  weight  and  pul-crotch  to  a  point  4  inches 
below  the  foot.  Cut  a  strip  of  adhesive  plaster  exactly  twice  as  long  as 
the  distance  just  measured  and  3  inches  wiae,  and  stretch  it  on  a  table  or 
on  the  floor,  with  the  sticky  side  up.     Get  a  block  of  wood  4  inches  long. 
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about  3  inches  wide,  and  about  H  inch  thick,  with  a  hole  bored  through  the 
center  large  enough  to  admit  a  large  cord.  Place  the  block  exactly  in  the 
center  of  the  long  strip  of  adhesive  plaster.  Cut  another  strip  01  plaster 
the  width  of  the  first  and  18  inches  long,  and  place  it  on  the  first  strip, 
sticky  surfaces  together,  so  as  to  include  the  block  between  the  center  of 
each.  Thus  a  stirrup  is  made,  and  the  long  strip  of  plaster  on  each  side 
of  it  applied  to  the  leg  and  thigh  after  they  have  been  shaved,  extending 
from  a  point  just  above  the  ankle  bone  to  a  point  about  i  inch  below  the 
crotch  on  the  inner  side  and  to  the  same  level  on  the  outer  side,  the  person 
appljring  the  plaster  being  careful  to  keep  the  block  square  when  the  two 
ends  of  the  plaster  are  stuck  to  the  limb.  A  roller  bandage  is  then  applied 
over  the  plaster  from  the  ankle  up,  and  a  strong  cord  passed  through  the 
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hole  in  the  block  and  knotted  so  that  it  can  not  slip  through.  The  other 
end  is  then  passed  over  a  pulley  attached  to  the  foot  of  the  bed  or  elsewhere, 
as  may  be  convenient,  on  a  hne  with  the  extended  limb,  and  a  weight  of 
from  s  to  30  pounds,  as  may  be  necessary  or  comfortable  to  the  patient, 
attached,  which  may  be  increased  if  necessary  to  overcome  muscular  spasm. 
The  same  kind  of  apparatus  may  be  used  with  the  double-inclined  plane, 
except  that  the  plaster  is  applied  only  to  the  thigh,  the  stirrup  coming 
just  below  the  bent  knee. 

Counterextension  may  be  obtained  by  raising  the  foot  end  of  the  bed  on 
blocks  4  to  6  inches  high.  The  short  splints  should  be  well  padded  and 
extend  well  above  and  below  the  fracture,  and  be  held  in  place  by  strips  of 
plaster  or  bandage. 

The  long  splint  gives  additional  support  and  prevents  outward  rotation 
of  the  leg.  ^  It  should  be  well  padded,  and  have  a  crosspiece  at  the  lower  end 
to  keep  it  in  position.^  Treatment  will  be  required  for  a  period  of  8  to  10 
weeks,  but  the  extension  may  be  lessened  about  the  end  of  the  sixth  week 
and  passive  motion  made  at  the  knee  joint  each  day,  by  grasping  the  leg  and 
gentry  bending  and  extending  it. 

FRACTURE  OF  THE  KNEECAP 

Fracture  of  the  kneecap  may  be  transverse,  vertical,  or  oblique.  The 
bone  may  be  broken  into  two  or  more  irregularly  shaped  pieces. 

Symptoms  and  Signs. — Loss  of  power,  inability  to  extend  the  joint  Or 
raise  the  limb  from  the  bed.  In  the  transverse  variety  the  fragments  are 
widely  separated.     If  seen  soon  after  the  accident,  the  line  of  fracture,  the 


Fig.  120. 

gap  between  the  fragments,  may  be  seen  and  felt.     Swelling  rapidly  appears 
and  the  signs  are  obscured.  ■,  ■     ■,         •    . 

Treatment. — Various  foims  of  apparatus  are  employed,  and  m  hospital 
practice  the  injury  is  frequently  treated  by  surgical  operation,  with  good 
result.  The  simplest  form  of  treatment  is  to  place  the  hmb  on  a  long  splint 
with  the  foot  raised  so  as  to  relax  the  thigh  musCles,  or  if  the  patient  is 

{)ropped  up  in  bed  by  pillows  or  a  back  rest,  the  limb  may  be  allowed  to 
ie  on  a  level. 

This  splint  should  be  applied  as  follows:  A  padded  straight  board  should 
be  bound  on  the  back  of  the  limb,  extending  from  the  heel  to  the  upper  part 
of  the  thigh.  A  folded  towel  placed  at  the  back  of  the  knee,  allowing  the 
joint  to  bend  slightly,  will  be  comfortable.  One  handkerchief,  or  bandage 
should  be  applied  below  the  knee.  Another  handkerchief  should  be  passed 
above  the  kneecap,  and  be  knotted  at  the  back  below  the  knee  (Fig.  1-20). 
Nails  driven  into  the  edge  of  the  board  at  convenient  points  assist  in  holding 
the  bandage  in  position.  ,        .  ,,        «. 

Apply  iced  water  or  the  ice  bag  for  a  few  days.  If  swelling  or  numbness 
of  the  foot  is  complained  of,  the  bandage  is  too  tight  and  must  be  removed. 

If  the  bandages  become  loose,  as  they  are  apt  to  do  every  few  days,  they 
should  be  reapplied.  .  ,         ,        . 

The  long  splint  should  be  worn  about  six  weeks  or  two  months,  when  it 
may  be  replaced  by  a  shorter  molded  splint  of  leather,  felt,  or  pasteboard, 
to  prevent  motion  at  the  joint  when  the  patient  walks  with  a  cane  or  crutches. 
The  short  splint  should  be  worn  for  at  least  a  month,  and  then  suitably 
constructed  kneecap  should  be  worn  for  one  year  to  si)p|>ort  the  joint. 
More  or  less  stiffness  of  the  joint  is  to  be  expected. 
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FRACTURE  OF  THE  LEO  (BETWEEN  THE  KNEE  AND  ANKLE) 

The  leg  extends  from  the  knee  to  the  anMe  and  has  two  bones,  tibia 
and  fibula. 

Fracture  of  the  leg  may  be  simple  or  compound.  Both  bones  mav  be 
broken  or  only  one;  the  line  of  fracture  may  be  oblique  or  transverse.  When 
both  bones  are  broken  at  the  middle  or  lower  third  the  deformity  is  usually 
quite  marked.  The  break  is  apt  to  be  in.  an  oblique  direction  and  at  a 
lower  level  in  the  tibia  (the  shin)  than  in  the  fibula.  In  simple  fracture  of 
the  upper  part  of  the  les  the  deformity  may  be  less  marked,  but  if  the  knee 
is  involved  there  may  be  great  swelling  because  of  acute  and  serious  in- 
flammation of  the  joint. 

When  the  shaft  of  only  one  bone  (the  tibia  or  fibula)  is  broken  there  is 
not  much  displacement,  because  in  such  cases  the  sound  bone  acts  as  a  side 
splint.  Fracture  at  the  lower  end  of  the  tibia  at  the  projection  on  inner  side 
of  ankle  is  sometimes  mistaken  for  sprained  ankle,  and  if  the  small  fragment 
of  bone  is  not  accurately  adjusted  and  kept  in  proper  position  the  result 
may  be  a  weak  and  stiff  joint. 

The  fibula  may  be  fractured  at  any  point,  but  the  important  fracture  of 
this  bone  is  known  as  "Pott's  fracture"  (Fig.  X2i).  Tnis  fracture  occurs 
about  3  inches  above  the  ankle,  on  outer  side  of  the  leg,  and  is  accompanied 
or  complicated  by  outward  dislocation  of  the  foot,  and  not  infrequently 
by  the  breaking  or  tearing  off  of  the  tip  of  the  lower  end  of  the  tibia. 


Fig.  123. 

Treatment — If  the  line  of  fracture  is  oblique  the  limb  must  be  handled 
very  carefully  so  as  to  prevent  injury  to  the  soft  parts  by  the  sharp  ends  of 
the  bone  and  thus  avoid  the  conversion  of  a  simple  fracture  into  a  com- 
pound one. 

The  treatment  of  fracture  of  the  leg  has  been  described  under  the.  heading 
"Simple  Fractures,"  page  484* 

A  Pott's  fracture  should  be  treated  as  follows:  Take  a  board  splint  long 
enough  to  extend  from  the  knee  to  a  few  inches  beyond  the  sole  of  the  f90t. 
Pad  the  splint  well,  have  the  lower  end  of  the  padding  at  least  2  inches  thick, 
and  do  not  let  it  extend  quite  to  the  ankle  joint  below.  Apply  the  splint 
to  the  inner  side  of  the  leg  so  that  the  foot  and  ankle  project  below  the 
padding.  The  foot  and  leg  are. then  bandaged  to  the  splint  in  such  a  way 
as  to  turn  the  foot  inward  and  thus  correct  the  outward  displacement  (Fig. 
123). 

FRACTURE  IN  FOOT 

If  a  bone  in  the  foot  is  broken,  have  the  patient  place  his  sound  foot  on  a 
thin  board  or  heavy  pasteboard.  With  a  lead  pencil  draw  an  outline  of  the 
foot,  allowing  an  eighth  of  an  inch  extra  all  the  way  around.  Cut  this  out, 
turn  it  over,  and  it  will  fit  the  sole  of  the  injured  foot.  Pad  this  and  bind 
it  to  the  foot,  the  starch  bandage  making  an  excellent  dressing.  Leave 
the  toes  exposed  for  observation  of  the  circulation. 

DISLOCATIONS 

A  bona  is  dislocated  or  "out  of  joint"  when  it  is  displaced  or  forcibly 
separated  from  another  tx>ne  entering  into  the  composition  of  a  joint. 

Dislocations  may  be  complete^  or  incomplete.  A  dislocation  is  complete 
when  the  Joint  surfaces  are  entirely  separated  and  the  ligaments  torn,  as 
in  dislocation  of  the  hip  joint;  incomplete  when  the  joint  surfaces  are  not 
entirely  displaced.     Dislocations  may  be  simple,  compound,  or  complicated. 
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A  dislocation  is  simple  when  there  is  no  wound  of  the  sldn  and  soft  i>arts 
when  the  joint  surfaces  are  not  exposed  to  the  outer  air;  compound  when 
there  is  an  open  wound  and  the  outer  air  is  brought  into  contact  with  the 
joint  surfaces  of  the  joint;  complicated  when  besides  the  dislocation  there 
is  a  fracture  and  serious  damage  to  the  soft  parts  or  to  blood  vessels  or  nerves. 

Dislocations  are  said  to  be  most  common  in  adult  or  middle  life,  when  the 
bones  are  strong  and  the  muscles  powerful.  In  the  young  and  old  the 
bones  are  more  apt  to  break.  There  are,  however,  striking  exceptions  to  this 
rule  when  applied  to  the  elbow  joint  and  the  shoulder  joint.  The  elbow 
joint  in  youn^  subjects  is  frequently  dislocated,  and  dislocation  of  the 
shoulder  joint  m  old  men  is  not  uncommon. 

Symptoms  and  Signs  of  Dislocations. — Deformity  is  alwa3^  present,  and 
may  be  determined  by  comparing  the  injured  side  with  the  sound  one. 
The  head  or  end  of  the  bone  is  in  an  abnormal  position;  the  attitude  of  the 
limb  is  changed;  the  patient  can  not  move  the  Umb;  and  when  effort  is 
made  to  move  the  joint  it  is  found  to  be  very  stiff.  There  may  be  shortening 
or  lengthening.  For  example,  in  dislocation  of  the  hip  the  head  of  the 
thigh  bone  may  be  thrown  outward  and  upward,  when  there  will  be  short- 
ening of  the  leg;  or  it  may  be  forced  downin^u^  and  inward,  when  the  length 
of  the  limb  will  be  increased. 

Treatment — The  indications  are  to  replace  the  bones  in  their  natural 
position  and  to  keep  the  parts  at  rest  until  the  ligaments  and  damaged 
tissues  about  the  joint  are  healed.  A  dislocation  should  be  reduced  imme- 
diately after  the  accident,  while  the  patient  is  faint  and  the  muscles  are  in  a 
relaxed  condition. 

Having  thus  briefly  described  a  dislocation  and  the  treatment  indicated, 
the  question  now  arises.  How  shall  the  treatment  be  applied;  how  shall  the 
dislocation  be  reduced?  And  when  it  is  taken  into  consideration  that  the 
reduction  of  dislocations  not  infrequently  taxes  the  skill  of  the  most  ex- 
perienced surgeon  (even  with  the  aid  of  general  anesthetics),  it  is  hardly 
to  be  expected  that  a  non-professional  man  will  be  able  to  accomplish  the 
desired  results  in  many  cases.  It  must  also  be  borne  in  mind  that  there  are 
certain  dangers  attenoing  efforts  at  reduction,  especially  at  the  larger  joints, 
if  improperly  or  too  forcibly  applied,  such  as  fracture  of  bone  or  rupture  of 
blood  vessel. 

DISLOCATION  OF  THE  FINGERS 

Dislocation  of  the  bones  of  the  fingers  may  be  backward  or  forward. 

Treatment — Extension  and  counter  extension  and  manipulation.  Pull 
the  finger  directly  in  line  with  the  hand,  and  when  fully  extended  make 
pressure  on  the  head  of  the  bone.  Reduction  is  usually  affected  without 
much  difficulty.  Place  the  finger  on  a  well-padded  splint  for  one  week,  then 
make  passive  motion  by  gently  bending  it  each  day,  and,  if  necessary,  re- 
applying the  splint  after  each  daily  exercise. 

DISLOCATION  OF  THE  THUMB 

Dislocation  of  the  thumb  may  be  backward  or  forward. 

Treatment — The  treatment  is  not  the  same  as  for  dislocation  of  the 
fingers,  and  reduction,  especiallv  of  the  backward  dislocation,  is  usually 
ver^  difficult.  Try  by  pushing  the  end  of  the  thumb  upward  and  backward 
until  it  stands  perpendicularly  on  the  bone  from  which  it  is  dislocated,  then 
make  strong  pressure  against  the  base  of  the  dislocated  bone  from  behind 
forward,  sliding  it  on  the  bone  beneath  till  it  gets  to  the  end,  then  flex  or 
bend  the  thumb  into  place. 

DISLOCATION  OF  THE  WRIST 

Dislocation  of  the  wrist  joint  may  be  backward  or  forward.  It  is  a  rare 
injury.  Fracture  about  the  wrist  is  more  common,  and  is  sometimes  mis- 
taken for  dislocation.    A  stiff  joint  is  apt  to  be  the  result. 

Treatment — Extension,  counterextension,  and  direct  pressure.  Grasp 
the  hand  of  the  patient,  pull  in  a  straight  line,  and  have  an  assistant  pull 
on  the  forearm^  in  the  opposite  direction,  and  when  the  parts  are  fully  ex- 
tended make  direct  pressure  upon  the  wrist  bones.  Apply  a  bandage,  and 
place  the  hand  and  forearm  on  a  well-padded  splint  for  a  week;  then  remove 
the  splint  and  make  passive  motion  at  the  joint  each  day  by  gently  bending 
the  wrist  in  all  directions,  reapplying  the  splint  after  each  daily  exercise; 
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reapply  the  splint  and  remove  it  after  an  interval  of  another  week.  If 
there  is  much  pain  or  swelling  after  reduction  of  the  dislocation,  apply 
cold  water. 

DISLOCATION  OF  THE  ELBOW 

Dislocations  of  the  elbow  are  serious  accidents.  They  present  a  variety 
of  forms,  backward,  forward,  outward,  and  inward,  and  these  are  divided 
into  a  number  of  subvarieties.  One  or  both  bones  may  be  involved,  and 
the  dislocation  may  be  associated  with  fracture.  Reduction  in  some  cases 
is  comparatively  easy;  in  others  it  is  very  difficult,  even  in  the  hands  of 
experienced  surgeons. 

Without  a  thorough  knowledge  of  the  anatomy  of  the  normal  joint  it  is 
very  difficult  to  understand  the  different  forms  of  dislocation,  and  of  necessity 
equally  difficult  to  apply  the  proper  treatment. 

Immediately  after  the  accident  and  before  swelling  sets  in,  the  injured 
elbow- should  be  carefully  compared  with  the  sound  one.  When  the  normal 
arm  is  extended  (straight),  the  tip  of  the  elbow  and  the  bony  points  on 
either  side  should  be  in  a  transverse  line  across  the  joint.  If  these  promi- 
nences are  found  out  of  line,  dislocation  or  fracture  is  probabl^r  present. 

Treatment. — Fixation  of  the  arm  above  the  elbow,  extension  or  flexion 
of  the  forearm,  ana  direct  pressure  by  means  of  the  thumbs  or  fingers  on 
the  head  of  the  dislocated  bone,  so  as  to  push  it  back  into  the  socket.  After 
reduction  an  angular  splint  should  be  applied  to  inner  side  of  arm,  lightly 
bandaged,  and  the  forearm  carried  in  a  sling.  ^  Cold  water  may  be  applied 
to  reduce  inflammatory  action.  Passive  motion  should  be  employed  at 
the  end  of  a  week,  by  gentle  movements  of  the  joint  each  day. 

DISLOCATION  OF  THE  SHOULDER 

Dislocation  of  the  shoulder  joint  is  a  very  common  accident.  It  occurs  as 
frequently  as  all  other  dislocations  put  together.  The  frequency  is  explained 
by  the  great  latitude  of  motion  of  the  joint,  the  shallowness  of  the  socket, 
and  the  size  and  rounded  shape  of  the  head  of  the  bone,  the  laxity  of  the 
capsular  ligament,  and  the  leverage  exerted  on  the  joint  by  the  long  bone. 

There  are  three  chief  forms  of  dislocation  of  the  shoulder:^  (i)  forward  and' 
downward  below  the  collar  bone;  (a)  directly  downward  into  the  armpit; 
and  (3)  backward  on  the  shoulder  blade. 

The  symptoms  and  signs  are  pain,  swelling,  rigidity  (st^ness),  loss  of 
power,  flattening  and  angular  appearance  of  the  shoulder  as  compared  with 
the  other  shoulder,  abnormal  situation  of  the  head  of  the  bones,  and  change 
in  the  axis  of  the  long  bone  (Fig.  124).  In  the  first  variety,  the  most  common 
of  all,  the  head  of  the  bone  may  be  left  in  front  of  the  armpit  and  below  the 
collar  bone,  and  the  elbow  points  outward  and  backward.  In  the  second 
the  head  of  the  bone  may  be  felt  in  the  armpit,  and  the  elbow  points  out- 
ward. In  the  third  the  head  of  the  bone  may  be  felt  on  the  back  of  the 
shoulder  blade,  the  elbow  points  forward,  and  the  forearm  is  thrown  across 
the  chest.  Another  valuable  sign  is  that  when  the  elbow  is  placed  on  the 
chest  the  patient  can  not  place  the  hand  of  the  injured  side  upon  the  oppo- 
site shoulder,  or.  if  the  hand  is  placed  on  the  shoulder  the  elbow  can  not  be 
brought  into  contact  with  the  chest. 

Treatment. — The  treatment  for  the  first  variety  (forward  and  downward) 
is  as  follows:  Lay  the  patient  down  or  let  him  sit  on  a  chair;  bend  the 
forearm  on  the  arm;  press  the  elbow  against  the  side  of  the  chest  and  hold 
it  there;  rotate  the  arm  outward  by  carrying  the  forearm  outward;  pull 
steadily  on  the  arm  and  rotate  inward  by  carrying  the  elbow  upward  and 
forward  with  forearm  across  the  chest.  While  this  is  going  on  have  an 
assistant  place  his  hand  in  the  armpit  and  press  the  head  of  the  bone  into 
place. 

For  the  second  variety  (directly  downward  into  the  armpit)  place  the 
patient  on  his  back;  remove  your  boot;  place  your  heel  in  the  armpit; 
grasp  the  wrist  and  pull  steadily  on  the  arm.  If  the  dislocation  is  in  the 
right  shoulder,  seat  yourself  on  the  right  side  of  the  patient  and  use  your 
right  foot;  and  if  the  injury  is  in  the  left  shoulder,  seat  yourself  on  the  left 
side  and  use  your  left  foot.  The  same  principles  may  be  carried  out  by 
seating  the  patient  on  a  low  chair  and  placing  your  knee  in  the  armpit. 

Another  method  is  to  have  an  assistant  stand  upon  a  table  and  make 
counterextension  with  a  towel,  or  a  strong  piece  of  soft  cloth  of  any  kind, 
passed  under  the  armpit  of  the  patient,  while  the  operator  pulls  the  arm 
downward.     Tlie  same  method  may  be  employed  by  causing  the  patient 
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DISLOCATION  OP  THE  ANSXE 

The  foot  may  be  dislocated  forward,  backward,  outward,  inward,  or 
upward.    The  dislocation  may  be  complete  or  incomplete. 

The  lower  ends  of  the  bones  of  the  leg  enter  into  the  formation  of  the 
ankle  joint,  the  end  of  the  tibia  on  the  inner  side,  and  the  end  of  the  fibula 
on  the  outer  side  of  the  joint.  Dislocations  of  the  ankle  are  usually  com- 
phcated  by  fracture  of  the  tip  of  one  or  both  of  these  bones.  When,  in 
addition,  the  fibula  is  broken  above  the  ankle  the  injury  is  known  as  Potfs 
fracture,  already  referred  to. 

Treatment. — Extension,  counterextension,  and  pressure.  Flex  the  leg 
on  the  thigh  and  the  thigh  at  right  angle  to  body;  pull  steadily  on  the  foot, 
while  an  assistant  makes  counterextension  at  the  thigh,  and  press  the  bones 
in  place.  Apply  cold  water  and  place  the  foot  and  Teg  in  a  fracture  box  or 
apply  well-padded  molded  splints.  Binder's  board  dipped  in  warm  water 
and  molded  to  the  part  and  lined  with  thick  layers  of  cotton  will  answer 
the  purpose.  If  a  Potfs  fracture,  use  the  splint  shown  in  Pig.  123.  Make 
passive  motion  at  the  joint  at  the  end  of  two  weeks.  (See  method  described 
under  dislocation  of  the  elbow.) 

DISLOCATION  OF  THE  KNEE 

Dislocation  of  the  knee  may  be  complete,  incomplete,  compound,  or 
complicated.  The  direction  of  the  dislocation  may  be  forward,  backward, 
outward,  or  inward.^  The  deformity  is  quite  marked.  Reduction  is  not  very 
difiicult,  but  the  injury  is  a  serious  one  and  care  must  be  taken  in  making- 
reduction  not  to  produce  additional  damage  by  too  forcible  extension. 
Fortunately  the  injury  is  exceedingly  rare. 

Treatment — Extension,  counterextension,  and  pressure.  Have  one 
assistant  pull  steadily,  not  too  hard,  on  the  leg  or  anlae,  while  another  fixes 
or  pulls  on  the  thigh  and  presses  the  bone  into  place.  After  reduction  apply 
cold  water,  and  place  the  leg  in  a  iwsterior  straight  si>lint,  well  padded* 
especially  below  the  hollow  of  the  laiee,  and  make  passive  motion  at  the 
end  of  two  weeks.  When  the  patient  begins  to  walk,  a  kneecap  or  flannel 
bandage  should  be  applied. 

DISLOCATION  OF  THE  HIP 

Dislocation  of  the  hip  joint  is  a  serious  injury.  It  occurs  much  less 
frequently  than  dislocation  of  the  shoulder  joint.  The  socket  of  the  hip 
joint  is  very  deep,  and  the  ligaments  and  muscles  surrounding  the  joint 
are  very  strong  and  powerful.  Dislocation  occurs  only  when  the  limb  is 
in  a  certain  position,  when  its  axis  is  changed  from  that  of  the  body,  and 
when  in  consequence  of  any  sudden  or  great  force  received  on  the  lower  end 
of  the  leg  or  knee  the  head  of  the  bone  is  forced  through  the  ligament  (the 
capsule)  which  surrounds  the  joints.  The  head  of  the  bone  may  then  be 
thrown  (i)  backward  and  upward;  (2)  backward;  (3)  forward  and  down- 
ward;  (4)  forward.  The  different  directions  indicate  the  different  forms  of 
dislocation.     The  first  is  the  most  common. 

In  the  first  form,  examination  from  below  up  shows  the  big  toe  turned 
toward  or  resting^  on  the  instep  of  the  opposite  foot;  the  knee  flexed  and 
resting  against  thigh  at  upper  margin  of  opposite  kneecap;  the  thigh  rotated 
inward  and  drawn  toward  its  fellow;  bulging  of  the  hip;  and  about  2  inches 
shortening  of  the  entire  limb. 

In  the  second  form  the  signs  are  the  same  as  in  the  first,  but  less  marked. 
(Fig.  125).  Fracture  of  the  neck  of  the  thigh  bone  is  sometimes  mistaken  for 
this  injury.  But  in  fracture  there  is  abnormal-  motion,  and  the  foot  is 
turned  outward. 

In  the  third  form  (Fig.  126)  the  signs  are  almost  exactly  the  reverse  of 
the  fint  form.  The  foot  and  knee  are  turned  outward,  the  hip  is  flattened, 
and  the  entire  limb  is  lengthened. 

The  signs  of  the  fourth  form  are  nearly  the  same  as  those  of  the  third 
except  that  the  entire  limb  is  shortened. 

Treatment.— The  treatment  is  by  manipulation  or  by  extension  and 
counterextension. 

For  the  first  and  second  forms  of  dislocation,  the  above  described  treat- 
ment may  be  applied  as  follows:  Place  the  patient  on  his  back  on  a  mat^^ss 
on  the  floor.    Seize  the  foot  or  ankle  with  one  hand  and  place  the  other 
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CHAPTER  Xni 

OFFICE  PRACTICE 

The  treatment  of  Office  Practice  will  be  handled  in  the  same 
manner  as  the  Survey;  that  is  under  the  Main  Divisions  of 

(a)  The  Improvement  of  Existing  Roads. 

(b)  The  Location  of  New  Roads. 

It  is  impossible  in  a  book  of  this  character  and  size  of  page  to 
illustrate  exactly  the  detail  methods  of  design  which  carry  out  the 
principles  of  economy  discussed  in  Part  I  but  we  have  made  an 
effort  to  give  an  idea  of  the  practical  methods  by  restricted  ex- 
amples and  rather  full  instructions  for  drafting  room  procedure 
which  the  author  has  used  in  instructing  men  not  familiar  with  the 
details  of  road  work. 

We  have  in  mind  getting  out  in  the  next  year  or  so  data  in  treatise 
form  containing  large  charts  and  plates  to  illustrate  in  detail  the 
office  methods  of  economical  alignment  and  grade  line  design. 

The  collection  of  tables  in  this  chapter  have  been  found  from 
actual  office  use  to  be  of  value  in  saving  time  in  the  design  and 
estimate  of  quantities. 

List  of  Tables  in  Chapter  XIII 

No.  Page 

3$.  Sight  distance " 504 

37.  Vertical  curve  radii 513 

38.  Vertical  curve  sight  distance 513 

39.  Earthwork  quantities 516 

40.  Conversion  cu.  ft.  to  cu.  yd 518 

41.  Earthwork  quantities 526 

42.  Conversion  feet  to  miles 538 

43.  Pounds  of  stone  per  100' of  road 540 

44.  Cu.  yd.  of  macadam 543 

45.  Sq.  yd.  of  surface  per  100' 543 

46.  Amount  of  oil 553 

47.  Mesh  reinforcement 555 

48.  Bar  reinforcement 556 

49.  Cast  iron  pipe  weight 558 

50.  Corrugated  metal  pipe  weights 559 

50A.  Weight  and  Dimensions  Vitrified  Pipe 560 

51.  Strength  steel  I  beams .  561 

52.  Strength  wooden  beams 563 

53.  Strength  concrete  slabs 564 

53A.  Recommended  depths  of  concrete  slabs  in  road  bridges 

under  different  depths  of  fill 565 

54.  Strength  concrete  beams 566 

55.  Safe  Long  column  loads  timber 567 
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For  stream  runoff,  capacity  of  culverts,  bridge  loading,  safe 
loads  on  piles,  safe  loads  on  foundation  soils  for  structures,  etc.,  see 
Chapter  III  on  Drainage. 

For  Depths  of  Macadam  roads  on  different  soils,  see  Chapter  V 
on  Foundation  Courses,  page  152. 

(a)  The  Improvement  of  Existing  Roads 

Under  office  practice  we  include 

1.  Mapping  the  preliminary  survey. 

2.  Designing  the  improvement  and  estimating  the  quantities. 

3.  Producing  a  finished  set  of  plans  from  which  the  road  can 
be  constructed. 

I.  MAPPING  THE  PRELIMINARY  SURVEY 

The  mapping  of  the  preliminary  survey  serves  83  a  base  from 
which  the  design  of  the  new  work,  and  the  quantities  necessary 
thereto,  can  be  built  up.  It  consists  of  three  views  of  the  road: 
the  plan,  showing  the  topographic  features;  the  profile,  showing 
the  longitudinal  differences  of  elevation,  and  the  cross-sections, 
showing  the  constantly  changing  transverse  shape. 

The  scales  in  general  use  are  as  follows: 


Plan 

• 

* 

Profile 

Cross-sections 

i'  =  100' 

100'  horizontal 
10'  vertical 

i'  =  10' 

i'-    50' 

J.     J 

50'  horizontal 
10'  vertical 

i'=    5' 
or  i'  «    4' 

i'  -    20' 

r  — 

20'  horizontal 
5'  vertical 

i'=    5' 
or  i'  »    4' 

i'  «    10' 

10'  horizontal 
10'  vertical 

1"  =    2' 

The  100'  scale  is  too  small  for  convenience  in  design,  and  earth- 
work quantities  figured  from  cross-sections  plotted  1"  to  10'  are 
not  reliable.  For  work  on  ordinary  country  roads,  the  50'  scale 
is  generally  adopted,  using  cross-sections  plotted  i"  to  5'  or  i"  to  4'; 
this  scale  is  satisfactory  for  laying  the  grade  line  and  computing 
the  earthwork. 

The  larger  scales  of  i"  =  20'  or  i"  =  10'  are  useful  in  village 
work  where  a  large  amount  of  detail  must  be  shown. 
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Plotting  the  Center  Line. — ^The  survey  center  line  can  be  plotted 
by  deflection  angles  at  the  transit  points,  using  a  table  of  natural 
tangents,  a  vernier  protractor  or  an  ordinary  paper  protractor  gradu- 
ated to  15  minutes. 

Where  the  center  line  has  been  well  located  in  the  field  and 
there  seems  to  be  no  necessity  for  a  paper  re-location,  no  great 
care  need  be  taken  in  plotting  the  deflection  angles,  as  in  such  a 
case  the  map  serves  more  as  a  picture  of  the  topographic  features 
than  as  a  basis  for  alignment. 

Where  a  random  line  has  been  run  in  the  field  and  some  shifting 
of  the  center  line  is  necessary,  both  angles  and  distances  must  be 
accurately  plotted.  If  any  extensive  change  of  alignment  is 
made,  the  new  deflections  and  distances  should  be  checked  by 
figuring  the  difference  of  latitude  and  longitude  for  both  the 
survey  line  and  the  oflSce  line  between  the  points  of  equality. 

Where  the  consideration  of  sight  distance  (see  page  33)  governs, 
Table  36  will  be  of  service. 

Table  36 


Table  36  gives  the  approximate  distance  that  an  automobile 
driver  can  see  an  approaching  car,  assuming  that  he  is  driving 
in  the  center  of  the  macadam  and  that  the  approaching  car 
is  also  in  the  center.  Two  distances  are  given  for  each  curve, 
the  first  assuming  that  the  line  of  sight  is  six  feet  from  the  ground, 
which  is  about  right  if  the  curve  is  on  a  straight  grade,  and  makes 
the  line  of  sight  tangent  to  the  cut  slope  of  i  on  i  J^  19  feet  off 
center  for  the  narrow  section  shown  in  Fig.  n,  page  44,  and, 
second,  assuming  that  the  line  of  sight  is  close  to  Qie  groimd, 
as  occurs  on  rounding  the  top  of  a  hill.  In  which  case  the  line 
of  sight  will  be  tangent  to  the  side  slope  at,  approximately,  11' 
off  center'. 
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For  convenience  in  plotting  the  topography,  the  loo'  survey 
stations  are  plainly  marked. 

The  most  common  mistakes  in  plotting  the  map  are  made  by 

reversing  the  deflection,  as  right  instead  of  left  and  vice  versa, 

or  in  adding  or  omitting  loo'  in  scaling  long-tangent  distances. 

The  work  should  be  checked  for  mistakes  of  this  nature. 

All  curve  data  is  marked  plainly  on  the  map  near  the  P. I, 

and  shows 

The  deflection  angle  A 
The  degree  of  curve  D 
The  radius  of  curve  R 
The  tangent  length  T 
The  length  of  curve  L 
The  station  of  the  P.  7. 
The  station  of  the  P.C, 
'  The  station  of  the  P.  r. 

If  the  curves  have  been  figured  in  the  office  and  have  not  been 

run  in  the  field  it  is  good  practice  to  scale 

the  offsets  from  the  tangent  to  the  curve  and 

mark  them  on  the  map. 
These  offsets  from  the  center  line  as  run 

are  then  transferred  to  the  cross-sections  and 

the  profile  plotted  from  center  line  elevations 

on  the  cross-sections. 
Plotting  the  Topography. — If  the  topography 

has  been  recorded  by  a  system  of  right-angle 

offsets,  as  suggested  ancl  illustrated  on  page 

328,  it  can  be  easily  and  quickly  plotted  by 

using  the  transparent  scale  shown  here. 
This    scale  gives  the  plus  distance  along 

the  survey  base  line,  or  center  line,  and  the 

offset  distance  from  the  line  in  one  operation. 
As  a  general  rule  the  plotting  of  the  topog- 
raphy need  not  be  checked. 

Level  Computations. — ^The  survey  compu- 
tations of  the  Bench  Levels  are  checked  and  a 
list  of  bench  elevations  prepared;  these  eleva- 
tions are  used  in  cross-section  level  notes  and 
from  them  the  notes  are  computed  between  Pig.  127. — Con- 
benches.  As  each  bench  is  reached  these  venient  trans- 
notes  are  corrected  to  agree  with  the  elevation  parent  scale  for 
adopted  for  that  bench  and  then  carried  for-  plotting  topog- 
ward  on  the  corrected  basis.  The  allowable  raphy. 
error  for  cross-section  levels,  as  nientionedin 
the  chapter  on  surveys,  is  less  than  o.i  foot.^  The  correction  of 
the  levels  at  each  bench  prevents  any  cumulative  error  and  makes 
the  elevations  of  the  cross-section  shots  agree  with  the  adopted 
bench  elevations  with  an  error  of  less  than  o.i'.  This  is  as  close  as 
the  readings  can  be  plotted  and  as  close  as  they  can  be  read  in  the 
field. 
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The  computation  of  the  bench  levels  and  the  adjustment   sf 

the  cross-section  notes  should  be  checked  by  a  competent  maji. 
The  most  common  mistake  in  figuring  the  cross-section  read- 
ings is  to  use  the  wrong  height  of  instrument  for  a  section.  Such 
a  mistake  can  Dot  be  detected  in  plotting  the  sections,  but  is  gener- 
ally discovered  when  the  profile  is  plotted. 

In  checking  the  notes  particular  care  should  be  taken  on  this 

Potting  the  Cross-sectioiis.— The  cross-sections  must  be  very 
carefully  plotted,  as  the  leliitbility  of  the  earthwork  computation 
depends  largely  on  their  accuracy. 

The  cross-section  paper  used  should  be  eiact  in  the  divisions 
and  should  be  printed  or  engraved  from  plates. 

Ruled  paper  b  inaccurate. 

The  plotting  is  checked  by  tellable  men.  Reading  the  shots 
back  from  the  plotted  cross-section  is  preferable  to  reading  them 
from  the  book  The  elevations  of  the  center  line  and  of  the  ditch 
bne  are  written  oi.er  the  section.  The  station  number  or  plus 
of  tjLh  hectitn  I'-  written  iin  the  right   margin.     The  fact   that 


the  section  has  been  graveled  within  the  traveled  way,  that  stone 
has  been  spread  to  a  certain  thickness,  or  any  other  fact  that 
would  influence  the  designer  when  laying  a  grade  line,  is  noted  on 
the  section      See  Tig.  riS. 

It  13  common  practice  to  aUow  the  ine™erienced  men  to  plot 
and  check  the  cross  sections.  We  believe  this  is  a  mistake.  This 
part  of  mapping  is  the  most  important  of  the  preliminary  plans, 
and  the  work  should  be  plotted  and  checked  so  that  the  points  are 
correct  to  the  nearest  o.i  feet  in  elevation. 

These  points  ate  then  connected  nith  a  fine  ink  line. 

Plotdi^  the  Profile.— The  profile  is  plotted  from  the  eenter-Ime 
elevations  given  in  the  cross-section  notes  unless  the  proposed  center 
line  does  not  coincide  with  the  survey  center  line,  in  which  case 
the  elevations  of  the  proposed  line  are  projected  from  the  previously 
plotted  cross-sections. 

It  is  not  necessary  to  spend  so  much  time  for  accuracy  in  plotting 
as  on  the  sections,  as  the  profile  only  serves  as  a  guide  in  laying 
the  grade  line  and  no  quantities  depend  upon  its  correctness.  An 
error  of  o.  a  feet  is  allowable. 

The  elevation  of  each  plotted  center-line  point  is  recorded  with 
its  stationing  (see  Figure  131,  page  510). 
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The  Design. — The  completion  of  the  profile  finishes  the  pre- 
liminary mapping.  The  first  operations  of  the  office  design  are 
as  follows: 

A,  The  selection  of  section. 

B,  The  depth  of  metalling. 

C,  The  laying  of  the  grade  line. 

These  three  points  are  so  dependent  on  each  other  that  they  can- 
not be  separated. 

The  most  experienced  man  available  should  do  this  part  of  the 
work.  He  should  be  thoroughly  familiar  with  the  roaci  from  field 
inspection,  and  in  designing  he  follows  the  general  principles  dis- 
cussed in  the  chapters  on  Grades,  Sections,  and  Foundations.  His 
selection  depends  on  a  report  of  the  character  given  in  the  chapter 
on  Preliminary  Investigation  (see  page  274). 

Maximum  gradients  for  the  various  types  of  pavement  are  as 
follows: 

Wooden  block 2% 

Asphalt  block 4% 

Bnck 5% 

Concrete 5% 

Bituminous  macadam  with  flush  or  squeegee  coat 4% 

(In  sandy  country,  six  per  cent,  when  coarse  sand  is  sprinkled  on 
surface.) 

Bituminous  macadam  without  squeegee 8% 

Waterbound  macadam 8% 

"Hillside"  brick 12% 

Stone  block  with  open  joints 12% 

Shrinkage  of  Earthwork. — We  have  made  no  mention  heretofore 
of  the  shrinkage  of  earth  cut  when  placed  in  fill.  This  is  an  im- 
portant factor  of  an  economical  gradmg  design. 

Trautwine  states  that  for  railroad  work  it  takes 

1.08  cu.  yd.  gravel  or  sand  excavation  to  make  i  cu.  yd.  em- 
bankment. 

1. 10  cu.  yd.  clay  excavation  to  make  i  cu.  yd.  embankment. 

I.I 2  cu.  yd.  loam  excavation  to  make  i  cu.  yd.  embankment. 

1. 1 5  cu.  yd.  vegetable  surface  soil  excavation  to  make  i  cu.  yd. 
embankment. 

The  quantities  1.08  cu.  yd.  gravel,  etc.,  refer  to  the  volume 
occupied  by  the  material  before  removal. 

Trautwine  also  states  that  in  loosening  earth  and  loading  into 
wagons  or  cars  i  cu.  yd.  of  earth  swells  about  one-fifth  and  measures 
loose  practically  1.2  cu.  yd. 

These  values,  however,  cannot  be  used  in  roadwork,  as  a  certain 
percentage  of  the  excavation  is  sod  or  vegetable  matter  that  is  not 
suitable  for  embankment  and  must  be  wasted. 

This  waste  material  raises  the  percentage  of  cut  necessary  to  make 
the  fill. 

The  correct  ratio  for  roadwork  has  been  a  source  of  contention 
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among  engineers,  and  we  believe  that  the  use  of  too  high  a  value 
has  resulted  in  a  needless  waste  of  thousands  of  dollars  during 
the  last  five  years  in  New  York  State  alone. 

Under  this  head  it  may  be  stated  that  on  several  roads  under 
the  supervision  of  W.  G.  Harger,  a  careful  study  of  this  point 
was  made,  taking  imusual  care  with  the  original  and  final  cross- 
sections,  the  plotting  and  planimeter  work,  and  it  was  found  that 
for  the  cases  mvestigated,  the  ratio  of  cut  to  fill  varied  from  1.15 
in  heavy  cuts  to  1.27  in  light  skimming  work. 

It  is  the  general  opinion  among  engineers  of  Division  5,  N.  Y.  S. 
Dept.  of  Highways,  that  the  percentage  formerly  used  (namely 
i.3S)-i**4oo  high.  In  nearly-aU  ^SAS5&.  g?k«re  the  work  was  at  all 
heavy,  a  large  Excess  of  Uti-f  had  to  be  wasted.  There  have  been 
some  roads  designed  on  a  basis  of  1.35  where  more  dirt  was  needed, 
but  in  the  author's  opinions  this  was  due  to  discrepancies  in  the 
field  or  office  work  or  oy  allowing  the  contractor  to  use  the  roadbed 
excavation  for  filler  or  concrete  material.  If  the  soil  encountered 
is  suitable  for  such  purposes,  it  is  plainly  up  to  the  contractor 
to  furnish  other  material  for  the  places  excavated. 

The  authors  believe  that  the  following  ratios  will  be  satis- 
factory for  ordinary  cases: 

Table  32 

Light  skinuning  work,  large  amount  of  heavy  sod 1 .  35 

Light  skimming  work,  considerable  sod i .  30 

Light  skimming  work,  not  much  sod i .  25 

Medium  work i .  20 

Heavy  work i  •  iS  j 

Trautwine's  earth  ratios  are  correct  where  earth  borrow  is 
obtained  from  a  pit. 

Trautwine  states  that  i.o  cu.  yd.  of  solid  rock,  when  broken 
up,  will  make  1.66  to  1.75  cu.  yd.  of  rock  fill. 

In  this  statement  he  assumes  that  the  fill  is  made  of  stone  alone 
and  that  the  voids  are  not  filled.  In  most  roadwork,  the  small 
quantities  of  rock  encountered  are  dumped  in  with  the  earth  as 
embankment,  and  as  the,  voids  are  all  filled  with  earth  it  is  evident 
that  I  cu.  yd.  of  rock  will  make  only  i  cu.  yd.  of  fiU;  however, 
if  a  large  unmixed  stone  fill  is  made,  his  ratio  holds. 

The  discussion  of  these  ratios  has  been  carried  out  to  some 
length  because  we  believe  it  is  one  of  the  points  that  illustrate 
the  advantage  of  careful  engineering.  Several  of  the  New  York 
State  plans,  the  cost  of  which  has  ranged  from  $100  to  $200  per 
mile,  have  been  revised  with  this  end  in  view;  the  revision  costing 
an  additional  $15  to  $^0  per  mile,  with  a  resultant  saving  in  con- 
struction cost  of  from  J 200  to  $700  per  mile. 

The  use  of  a  rolling  grade  was  recommended  in  the  chapter  on 
Grades.  The  designer  is  cautioned,  however,  not  to  carry  this  to 
extremes  as  there  are  many  short,  small  hummocks  which  must  be 
disregarded  if  a  reasonably  good  profile  is  to  be  obtained.  Figure  on 
page  509  indicates  a  proper  and  improper  use  of  an  undulating  profile. 
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Templets. — For  the  convenience  of  the  designer  in  drawing  the 
shape  of  the  finished  road  on  the  cross-sections,  a  number  of 
transparent  composition  templets  are  made,  cut  to  proper  scale, 
representing  tlie  dMerent  shaped  sections  to  be  used.  See  Figs. 
129  and  130. 

Economical  Grade  Line. — On  page  26,  the  most  economical 
grading  conditions  were  mentioned.    A  convenient  method  of 
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Fig.  129. — Transparent  templet  for  use  on  cross-sections  giving 

finished  shape  of  road. 


Pig.  130. — Transparent  templet  with  stone  trench  cut;  saves  time 
in  drawing  in  sections  for  figuring  cut  and  fill. 
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Illustrating  Proper  Use  of 
Straight  and  Undulating  Grades 

ing  a  grade  line  that  will  approximate  these  conditions  is  as 
lows:  take  the  case  of  determining  an  economical  profile  for  a 
id  from  station  11  to  station  16,  where  the  grade  can  be  placed 
any  desired  elevation  (see  page  510).  Place  the  adopted  templet 
each  cross-section  so  that  the  cut  will  just  make  the  fill  (this 
sition  is  estimated)  and  note  the  elevation  of  the  center  .line  of  the 
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proposed  finished  road  for  this  position  of  the  templet;  mark  this 
elevation  on  the  profile  for  each  section  between  stations  ii  and  i6; 

to  connect  these  points  would 
give  the  most  economical  grade 
line,  but  this  can  rarely  be  done 
with  a  resulting  smooth  profile. 
The  adopted  grade  is  obtained 
by  drawing  in  a  smooth  grade 
line,  that  averages  the  elevations 
of  these  points  and  varies  in  ele- 
vation above  or  below  them  as 
little  as  possible. 

The  adopted  grade  elevation 
at  each  station  is  then  figured, 
the  shape  of  the  finished  road 
drawn  on  the  cross-sections  at 
these  elevations,  and  the  exca- 
■  vation  and  embankment  com- 
puted. If  the  ratio  of  cut  to  fill 
IS  not  correct,  the  grade  is  raised 
or  lowered  slightly  to  produce  the 
desired  ratio.  This  method  is 
illustrated  in  Fig.  131. 

For  each  stretch  of  road  where 
economy  of  grading  governs  the 
d  c  Q  profile,  this  procediu^e  is  repeated, 
«  bo  a  and  for  the  sections  of  road  where 
other  considerations  govern,  the 
grade  is  placed  at  the  required 
elevation  and  the  borrow,  waste, 
or  overhaul  figured. 

To  obtain  a  smooth  grade  line 
vertical  curves  are  used  at  the 
intersection  of  the  different  tan- 
gent rates  of  grade.  Vertical 
curves  are  not  usually  used  where 
the  difference  in  rates  of  grade 
is  less  than  }^  per  cent. 

For  the  final  plans  these  vertical 
curve   elevations   may   be    com- 

Euted  by  the  following  formula, 
ut  for  the  trial  grade  line  they 
can  be  scaled  from  the  profile, 
drawing  in  the  curve  by  means  of 
a  regular  curve  templet,  with 
which  all  modem  offices  are 
equipped,  and  in  all  ordinary 
cases  this  graphic  method  serves 
for  the  final  grade  line  as  with 
reasonable    care    the    elevations 
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are  closer  than  can  be  constructed. 
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K.  C.  Formula: 

Formula  A,    Difference  in  elevation  at  Center  of  Curve. 
d  expressed  in  feet  =  J|  (Algebraic  difference  of  the  tangent  grades 

expressed  in  feet  per  loo)  X  (length  of 
curve    expressed    in    stations    of    loo')- 
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Formula  A 


Formula  B 


Formula  B,    Intermediate    differences  of    Elevations    between 
tangent  grades  and  points  on  vertical  curve. 

dt'^ 
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Example  op  Vertical  Curve  Computation 

It  is  required  to  figure  the  vertical  curve  elevations  for  a  vertical 
LTve  200'  long  between  tangent  grades  of  +  2.0%  and  —3.0% 
eeting  at  station  11  +  00  at  an  elevation  of  12 10.3. 
First,  find  the  middle  correction  d-,  use  formula  A, 

d^  J^(2.o-(-3.o))X(2) 
d^H{s)X  (2)  =  1%  -  1.2s' 

Second,   determine  the  corrections  di  and  d2\  use  formula  B, 
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^1  =  "i^  =  1.25  -^  =  1.25  X  Ji  *  0.31  foot 
I  100 

SO* 

</2    =    1.25  -^^ ^   =  0.31  foot. 

100' 

Third,  determine  the  elevation  of  the  tangent  grades  at  10  + 
SO  and  ii  +  50. 

Fourth,  subtract  the  V.C.  corrections  du  d,  and  dt,  from  these 
tangent  grades  at  10  +  50, 11  +  00  and  11  -f-  50. 

Vertical  Curve  Elevations 

Sta.  10  +  50  =  Tangent  Elev.  1209.3  —  0.31  =  1208.99 
"     II  4-  00  =        "  "      1210.3  —  1.25  =  1209.05 

"     II  +  50  =        "  "      J 208.8  -  0.31  =  1208.49 

The  following  table,  No.  37,  is  useful  for  draftsmen  in  picking 
out  the  correct  curve  to  use  in  inking  in  the  vertical  curves.  This 
table  is  compiled  for  a  horizontal  scale  of  1"  =  50',  and  a  vertical 
scale  of  i^  ^  10'.  For  other  scales  a  similar  table  can  be 
constructed. 

Explanation  of  Table  37. — Suppose  it  is  required  to  pick  out  the 
correct  curve  templet  to  draw  in  a  vertical  curve  300'  long  between 
two  tangent  grades  having  an  algebraic  difference  of  5  per  cent,  (say 
a  +  2.0  per  cent,  grade  and  a  —  3.0  per  cent,  grade).  On  the  line 
opposite  5.0  in  column  i  representing  the  algebraic  difference  of 
rate,  pick  out  the  value  24  in  the  column  headed  300'  curve;  this 
means  that  a  curve  having  a  radius  of  24  inches  will  fit  the  condi- 
tions. This  curve  can  be  found  easily  from  the  collection  of  curve 
templets  which  have  been  previously  marked  with  their  radii  in 
inches. 

The  limit  of  sight  due  to  vertical  curves  is  shown  in  Table  38. 

Table  38  gives  the  distance*  ahead  that  a  driver  can  see  on  a 
straight  road,  assuming  that  his  eye  is  6  feet  above  the  road,  for 
vertical  curves  of  200  feet,  150  feet,  and  100  feet  long  between  grades 
having  a  large  difference  of  rate. 

Example.  Suppose  a  plus  5  per  cent,  grade  meets  a  minus  7 
per  cent,  grade  and  that  it  is  desired  to  put  in  the  minimum  length 
curve  that  will  allow  a  sight  ahead  of  300  feet.  The  difference 
in  gradient  is  5  +  7  =  12  per  cent.  From  Table  38,  opposite 
12  per  cent.,  we  can  readily  pick  the  length  required;  it  mil  be 
about  170  feet  and  200  feet  would  probably  be  used.  It  Is  rare 
that  the  sight  distance  governs  in  the  selection  of  length  of  curve. 

Placing  the  Templets  and  Planimetering  the  Area8.-^After 
the  trial  grade  line  has  been  placed  the  center  line  elevations  of 
the  proposed  finished  road  are  figured  for  each  point  on  the  profile 
where  cross-sections  have  been  taken  and  the  section  selected  is 
drawn  on  the  original  cross-sections  at  these  elevations,  using  the 
templets  mentioned  above. 

Because  it  is  comparatively  easy  to  make  a  mistake  of  one 
foot  or  five  feet  in  elevation,  tJie  elevation  of  new  grade,  as  shown 
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Tabi^e   37.    Table   of   Radii  for  Plotting  Vertical  Curv; 

ON  Profiles 


Algebraic 
DiflE. 

• 
100'  Curve 
Rad. 

acx/ Curve 
Rad. 

300'  Curve 
Rad. 

400'  Curve 
Rad. 

• 

I.O 

40 

80 

120 

160 

1.2 

1.4 

33 
29 

67      . 
57 

I(X> 
85 

132 
116 

1.6 
1.8 

25 

22 

50 
44 

75 
6s 

100 
88 

2.0 

20 

40 

60 

80 

2.2 
2.4 
2.6 
2.8 

18 
i6i 

15* 
i4i 

36 

33 

30 
29 

• 

55 
50 
46 
43 

72 
66 
62 
58 

3.0 

134 

27 

40 

54 

3.2 

124 

25 

37 

50 

3-4 

12 

23 

35 

48 

3.6 

II 

22 

33 

44 

3.8 

io4 

21 

32 

42 

4.0 

.      4.5 
5.0 

5.5 

10 
9 

8 
7 

20 
18 
16 

144 

30 
2.7 

24 
22 

40 
36 
32 

28 

6.0 

64 

134 

20 

26 

7.0 
8.0 

6 
5 

iii 
10 

17 
16 

24 
20 

9.0 
10.0 

44 
4 

9 

8 

134 
12 

18 
16 

II.O 

12.0 

34 
34 

7 
64 

II 
10 

144 
134 

13-0 
14.0 

3 
3 

6 
54 

h 

12} 
ii|     • 

' 

Table  38 

Difference  in 
Rate  of  Grades 

Sight  Distance  for 
aooft.V.  C. 

Sight  Distance  for 
ISO  ft.  V.  C. 

Sight  Distance  for 
100  ft.  V.  C. 

8% 
10% 
12% 
14% 
16% 

355  feet 
320    " 
290    " 
260    " 

315  feet 
290    " 
260    " 
230    " 

370  feet 
290    " 
260    " 
230    " 
210    " 
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by  the  position  of  the  templet,  should  be  checked  from  the  profile 
before  computing  the  cuts  and  fills. 

Because  of  the  small,  irregular  shape  of  these  areas  it  is  not 
possible  to  compute  them  arithmetically  and '  the  areas  are  deter- 
mined by  planimeters.  Great  care  must  be  exercised  if  the  work 
is  to  be  reliable;  a  double  run  is  made  and  the  second  run  should 
be  twice  the  first  area.  A  certain  limit  .of  error  in  the  second  area 
is  adopted  (see  footnote).^  This  method  is  sufficiently  accurate  for 
preliminary  estimating.  On  final  estimate  work,  where  the  pajonent 
for  earth  excavation  depends  on  the  planimeter  work,  a  satisfactory 
method  is  to  have  two  men,  using  separate  planimeters,  compute 
the  areas  independently  without  any  knowledge  of  each  other's 
result.  If  the  amount  of  excavation  as  figured  separately  varies 
more  than  2  per  cent.,  a  third  run  is  made. 

The  reason  that  it  is  difficult  to  get  accurate  planimeter  re- 
sults is  that  the  work  is  monotonous,  confining,  and  hard  on  the 
eyes,  and  the  tendency  is  toward  carelessness  unless  the  men 
know  that  their  work  is  being  checked. 

The  temptation  is  strong  to  make  the  second  reading  equal 
twice  the  first,  and  unless  some  such  method  is  used  to  check  up, 
small  errors  will  be  passed  over. 

As  a  matter  of  interest  three  miles  of  planimeter  work,  checked 
in  this  manner,  was  examined  to  see  the  average  difference  in  areas, 
where  two  careful  men  using  different  planimeters  computed 
their  results  separately. 

The  sections  used  were  plotted  1"  =  5';  areas  read  to  nearest 
0.1  sq.  ft. 

The   average   percentage   of   difference  for  single    areas    was 

I.  Small  areas  below  lo  sq.  ft per  cent,  of  difference  5% 

•a.      "         "     lotoao    "  "  "      "     "         "  2% 

3.  Areas  above  30  "  "  "      "     "         "  1% 

However,  these  differences  for  single  areas  compensate,  as  some 
are  above  and  some  below  the  mean  value,  and  computing  the 
two  separate  results  for  the  three  miles  gave  the  following  result. 

Percentage  differences  for  work  of  two  men  for  three  miles, 
showing  the  reduction  of  error  due  to  compensation. 

1.  Small  areas  below  10  sq.  ft per  cent,  of  difference  i.o  % 

2.  "        "     10  to  30      "    "     "      ''     "         "         0.5    % 

3.  Areas  above  30  "    "     "      "     "         "         0.05  % 

The  average  excavation  per  mile  will  run  about  3000  cu.  yd., 
which  means  the  average  area  of  cut  is  about  16  sq.  ft. 

This  comes  under  the  second  division  and  makes  the  probable 
error  of  final  estimate  planimeter  work  sufficiently  close  for  all 
practical  purposes. 

Areas  by  Measuring  the  Depth  of  Cut  or  Fill  at  Intervals  of  One 
Foot  Across  the  Section. — It  is  often  necessary  for  the  field  men  to 
make  a  change  in  grade  or  alignment,  and  the  following  method  of 

1  A  satisfactory  rule  has  been  to  allow  a  difference  of  0.4  sq.  ft.  for  areas  up 
to  so  sq.  ft.,  and  i.o  sq.  ft.  error  above  50  sq.  ft. 
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Measure  the  dtpth  of  the  cutlinR  on  vertical  No.  t.  Call  this 
depth  i'.  It  can  be  leadily  seen  that  this  depth  is  the  average 
depth  for  the  first  foot  of  the  cross  section,  and  if  multiplied  by  one 
foot  equals  the  area  of  the  first  foot  of  the  section.  In  like  manner 
measure  the  depth  of  the  section  on  vertical  No.  2.  This  is  the 
average  depth  of  the  second  foot  of  the  section,  and  multiplied  by 
one  foot  equals  the  area  of  the  second  foot  of  the  section.  It  the 
sum  of  the  depths  i',  1',  3',  etc.,  is  obtained  for  the  entire  width  of 
the  section  it  is  evident  that  the  sum  must  equal  the  area  of  the 
section. 

This  summation  can  readily  be  made  graphically  as  shown  below 
by  marking  oS  on  the  edge  of  a  piece  of  paper  the  successive  depths. 

?',3'  ^',5',6',7',s',9' ..W 


fivJEwKe 


Strip  of  hiper 

.Scale  the  distance  from  the  reference  mark  to  the  end  mark,  using 
the  same  scale  by  which  the  cross  section  is  plotted  and  the  area  of 
the  section  is  obtained.  This  method  is  as  reliable  as  planimeter 
work,  but  is  necessarily  slower. 

Computatian  of  Earthwork. — Earthwork  is  usuaUy  computed 
from  the  planimeter  results  bj;  the  method  of  end  areas;  where  50  ft. 
sections  are  used  the  following  table  is  convenient. 

Explaaation  of  Table  39. — Suppose  the  area  of  eicavation  at, 
^ay,  station  az  -f-  oo  is  30.6  sq.  ft.;  suppose  the  excavation  area  at 
station  22  +  50  is  ao.i  sq.  ft.  To  get  the  number  of  cubic  feet  tff 
eicavation  from  station  32  +  00  to  22  +  50  add  30,6  +  ao.i  =■ 
50.7.  In  Table  35  an  area  of  50.7  gives  an  excavation  q.uantity 
of  1267.5  cu.  f'.  Where  the  norma!  cross-section  interval  is  50  ft. 
this  table  is  a  great  time-saver. 

Table  40  is  convenient  in  changing  cubic  feet  to  cubic  yards. 

Table  41  is  convenient  for  preliminary  estimates,  as  it  gives 
the  cubic  yards  directly  for  the  sum  of  the  end  areas  in  square 
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Table  39.     Volxime  of  so-ft.  Sections  in  Cubic  Feet  for 

Sum  of  End  Areas 

COMPILED  BY  J.  H.  HUBER,  ASSISTANT  ENGIMEES.  BT7FFAL0,  N.Y. 


Sum  Of 

End  Areas 

0.0 

0.1 

0.3 

0.3 

0.4 

O.S 

0.6 

0.7 

0.8 

0.9 

Sq.  Ft. 

' 

0 

__ 

3.5 

SO 

7-5 

10.0 

Z3.5 

15.0 

17.5 

30.0 

23.5 

I 

25.0 

37.S 

30.0 

32.5 

35-0 

37.5 

40.0 
65.0 

42.5 
075 

4S.O 

47.S 

2 

50.0 

52.5 

55.0 

57.5 

60.0 

62.5 

7ao 

72.S 

3 

7S.O 

77.5 

80.0 

82.5 

85.0 

87.5 

90.0 

92.5 

9S.O 

97-5 

4 

lOO.O 

102.5 

105.0 

X07.5 

IXO.O 

II3.5 

1x5.0 

1x7.5 

120.0 

133.5 

5 

125.0 

I27.S 

i3ao 

133.S 

135.0 

I37.S 

140.0 

142.S 

145.0 

X47.S 

6 

150.0 

152.5 

155.0 

157.5 

160.0 

162.5 

165.0 

167.5 

Z70.0 

172.5 

7 

175.0 

177.5 

180.0 

183.S 

185.0 

187.5 

190.0 

192.5 

1950 

197-5 

8 

30O.O 

203.5 

205.0 

207.5 

3x0.0 

3X3.5 

315.0 

2x7.5 

330.0 

332.5 

9 

225.0 

227.5 

230.0 

232.5 

235.0 

237.5 

340.0 

342.5 

345.0 

247.S 

ZO 

350.0 

253.5 

255.0 

257.5 

360.0 

363.5 

365.0 

267.5 

270.0 

273.5 

II 

275.0 

377.5 

280.0 

282.5 

385.0 

287.5 

390.0 

292.5 

395.0 

a97-S 

13 

300.0 

302.5 

305.0 

307.5 

310.0 

312.5 

315.0 

317.S 

330.0 

322.5 

13 

325.0 

327.5 

330.0 

332.5 

33SO 

337.5 

340.0 

342.5 

345.0 

347.5 

14 

350.0 

352.S 

3SS.O 

357.5 

360.0 

362.5 

365.0 

367.5 

370.0 

372.5 

IS 

375.0 

377.5 

380.0 

382.S 

385.0 

387.5 

390.0 

393.S 

39S.O 

3975 

16 

400.0 

402.5 

405.0 

407.5 

4x0.0 

419.5 

415.0 

417.5 

430.0 

•422.5 

17 

425.0 

427.S 

430.0 

432.S 

435.0 

437.5 

440.0 

442.5 
407.5 

445.0 

447.5 

x8 

450.0 

452.5 

4S5.0 

457.5 

460.0 

462.5 

465.0 

470.0 

472.5 

19 

47S.O 

477.5 

480.0 

482.5 

485.0 

487.5 

490.0 

492.5 

4950 

497-5 

20 

500.0 

503.5 

505.0 

S07.S 

5x0.0 

512.5 

515.0 

517.5 

53O.0 

522-5 

21 

525.0 

527.5 

S30.0 

532.5 

S3S.O 

537.5 

540.0 
SO5.O 

542.5 

545^ 

547.5 

23 

550.0 

552.5 

SS5.0 

557.5 

560.0 

562.5 

567.5 

570.0 

572.5 

33 

575.0 

577.5 

580.0 

582.5 

4.85.0 
010.0 

587.5 

S90.0 

592.5 

595 .0 

597.5 

24 

600.0 

602.5 

605.0 

607.S 

6x2.5 

615.0 

617.5 

620.0 

633.5 

25 

625.0 

627.5 

630.0 

633.5 

635.0 

637.5 

640.0 

642.S 

645.0 

647-5 

36 

650.0 

652.5 

655.0 

657.5 

660.0 

663.5 

665.0 

667.5 

670.0 

67«.5 

37 

675.0 

677.S 

680.0 

683.5 

685.0 

687.5 

690.0 

692.5 

695.0 

697.5 

38 

700.0 

702.5 

705.0 

707.5 

7x0.0 

712.5 

715.0 

717.5 

720.0 

722.5 

2Q 

725.0 

727.5 

730.0 

732.S 

735.0 

737.5 

740.0 

742.5 

74S.O 

747.5 

30 

750.0 

752.5 

75S.O 

757.5 

76ao 

763.5 

765.0 

767.S 

770.0 

772.S 

31 

775.0 

777.5 

780.0 

782.5 

985.0 
810.0 

787.5 

790.0 

792.5 

795.0 

7975 
833.5 

32 

800.0 

802.5 

805.0 

807.5 

8x2.5 

815.0 

817.S 

820.0 

33 

825.0 

827.5 

830.0 

832.5 

835.0 

837.5 

840^0 

843.5 

845.0 

847.5 

34 

850.0 

852.S 

855.0 

?|7-S 

860.0 

862.5 

865.0 

867.5 

870.0 

872.5 

3S 

875.0 

877.S 

880.0 

882.5 

885.0 

887.5 

890.0 

892.S 

895.0 

897.5 

36 

QOO.O 

902.5 

905.0 

907.S 

910.0 

9ia.5 

91S.0 

917.S 

930.0 

032.5 

11 

925.0 

927.5 

930.0 

932.5 

935.0 

937.5 

940.0 

942.5 

94S.O 

947.5 

950.0 

952.5 

95S.O 

957.5 

960.0 

962.5 

965.0 

967.5 

970.0 

972.S 

39 

97S-0 

977.5 

980.0 

982.5 

985.0 

987.5 

990.0 

992.5 

99S.O 

997.5 

40 

1000.0 

1002.5 

Z005.0 

1007.S 

1010.0 

ZOI3.S 

1015.0 

1017.S 

Z030.0 

X033.5 

41 

1035.0 

I027.S 

1030.0 

1033.5 

1035.0 

1037.5 

1040.0 

1042.5 

1045.0 

10475 

42 

1050.0 

1052.5 

1055.0 

1057.5 

1060.0 

1063.5 

1065.0 

1067.5 

XO70.O 

X073.5 

43 

1075.0 

1077.5 

1080.0 

1083.5 

1085.0 

1087.5 

Z0901.0 

1092.5 

1095.0 

1097.S 

44 

zzoo.o 

1x03.5 

Z105.0 

1 107.5 

11Z0.0 

XZI3.5 

1115.0 

1117.5 

ZX30.0 

X133.5 

45 

IZ25.0 

ii37;s 

1 130.0 

1133.5 

1135.0 

II37.S 

ii4ao 

1142.S 

«4S.o 

1147.5 

46 

iisao 

"52.5 

1155.0 

I157.S 

Z160.0 

1x63.5 

ZZ65.0 

X167.S 

zz7ao 

1x73.5 

H 

1175.0 

1177.S 

1 180.0 

1x83.5 

1x85.0 

1x87.5 

1 190.0 

1192.5 

1195.0 

1197.S 

48 

1200.0 

1202.5 

1205.0 

1307.5 

X3XO.O 

X2I3.5 

I3I5.0 

1217.5 

Z23aO 

1333.5 

49 

1225.0 

1227.5 

X23ao 

1333.5 

1235.0 

1237.5 

X  240.0 

1242.5 

X245.0 

1247.5 

SO 

1350.0 

1252.5 

1255.0 

1257.5 

1360.0 

1262.5 

X365.0 

X  267.5 

Z370.0 

I373.S 

Note.  —  For  volumes  larger  than  those  given,  use  figures  in  the  tabk,  noviu 
Icdmal  point  one  place  to  the  right  and  add  proportional  part. 
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Table  39.     Volume  op  50-PT.  Sections  in  Cubic  Feet  for 
Sum  of  End  Areas. — Continued 

COMPILED  BY  J.  H.  HTTBXR,  ASSISTANT  ENGINEER,  BUFFALO,  N.Y. 


Sum  of 

Sod  Areas 

0.0 

0.1 

0.3 

0.3 

0.4 

O.S 

0.6 

0.7 

0.8 

0.9 

Sq.Ft. 

SO 

1250.0 

1252.5 

1255.0 

1257.5 

1260.0 

1262.5 

1265.0 

X267.S 

1270.C 

>  1272.5 

SI 

1275.0 

1277.5 

1280.0 

1283.5 

1285.0 

1287.5 

1390.0 

1292.5 

1295.C 

►  1297.5 

52 

1300.0 

1303.5 

1305.0 

1307.5 

1310.0 

1312.5 

1315.0 

1317.S 

X320.C 

1322.5 

53 

1325.0 

1327.5 

1330.0 

1332.S 

1335.0 

1337.5 

1340.0 

1365.0 

1342.S 

1345.0 

1347.S 

54 

1350.0 

1352.5 

1355.0 

1357.5 

X360.0 

1362.5 

1367.S 

X370.0 

1372.5 

55 

1375.0 

1377.5 

1380.0 

1382.5 

X38S.0 

1387.5 

1390.0 

1392.5 

1395.0 

1397.5 

56 

1400.0 

1402.5 

1405.0 

1407.5 

1410.0 

1412.5 

1415.0 

1417.5 

1420.0 

1422.5 

57 

X425.0 

1427.5 

1430.0 

1432.5 

1435.0 

1437.5 

1440.0 

1442.5 

1445.0 

1447.5 

58 

1450.0 

1452.S 

1455.0 

1457.5 

1460.0 

1462.5 

X465.0 

1467.5 

i47ao 

1472.5 

|9 

1475.0 

^477-5 

X480.0 

1482.5 

1485.0 

1487.5 

1490.0 

1492.S 

1495.0 

1497.5 

60 

X500.0 

1502.5 

X  505.0 

1507.5 

1510.0 

1512.5 

1515.0 

1517.5 

1530.0 

1522.5 

61 

1525.0 

15*7.5 

1530.0 

1532.5 

1535.0 

1537.5 

1540.0 
1565.0 

1542.5 

1545.0 

1547.5 

63 

X550.0 

1552.5 

1555.0 

1557.5 

1560.0 

1562.5 

1567.5 

1570.0 

1572.S 

63 

1575.0 

1577.5 

1580.0 

1582.5 

1585.0 

1587.5 

1590.0 

1592.5 

1595.0 

1597.5 

64 

x6oo.o 

1602.5 

1605.0 

1607.5 

x6io.o 

1612.5 

16x5.0 

1617.5 

x63ao 

1622.5 

6S 

X625.0 

1637.5 

1630.0 

1633.5 

1635.0 

1637.5 

1640.0 

1642.5 

1645.0 

1647.5 

66 

1650.0 

1653.5 

1655.0 

1657.5 

x66o.o 

1662.5  1665.0 

1667.5 

i67ao 

1672.5 

67 

X6750 

1677.5 

1680.0 

1683.5 

1685.0 

1687.5 

1690.0 

X692.5 

1695.0 

1697.S 

68 

X  700.0 

1702.5 

1705.0 

1707.5 

1 710.0 

17x2.5 

1715.0 

1717.5 

i72ao 

1722.5 

69 

X725.0 

1727.5 

1730.0 

1732.5 

1735.0 

1737.5 

1740.0 

1742.5 
1767.S 

1745.0 

1747.5 

70 

1750.0 

1752.5 

1755.0 

1757.5 

X  760.0 

1762.5 

1765.0 

1770*0 

1772.5 

71 

1775.0 

1777.5 
1802.5 

X780.0 

1782.5 
1807.5 

X785.0 

1787.5 

1790.0 

1792.5 

1795.0 

1797.5 

72 

x8oo.o 

1805.0 

x8xo.o 

1812.5 

X8I5.0 

1817.5 

1820.0 

1822.5 

73 

1825.0 

1827.5 

1830.0 

1832.5 

X835.0 

1837.5 

1840.0 

1842.5 

1845.0 

1847.5 

74 

1850.0 

1853.5 

1855.0 

1857.5 

1860.0 

1862.5 

1865.0 

1867.5 

X870.0 

1872.5 

75 

1875.0 

1877.5 

i88ao 

1882.5 

X885.0 

1887.5 

1890.0 

1892.5 

X895.0 

1897.5 

76 

1900.0 

1902.5 

1905.0 

1907.5 

1910.0 

1912.5 

I91SO 

1917.5 

X920.0 

1922.5 

77 

1925-0 

1927.S 

X930.0 

1932.5 

1935.0 

1937.5 

19^10.0 

1942.5 

1945.0 

1947.5 

78 

X9SO.O 

1952.5 

1955.0 

1957.5 

1960.0 

1962.5 

1965.0 

1967.S 

1970.0 

1972.5 

iS 

1975.0 

1977.S 

1980.0 

1982.S 

1985.0 

1987.5 

X990.0 

1992.5 

1995.0 

1997.5 

2ooao 

2003.5 

2005.0 

2007.5 

2010.0 

3013.5 

30x5.0 

2017.5 

2020.0 

2022.5 

8x 

3025.0 

2037.5 

2030.0 

2032.5 

2035.0 

2037.5 

3040.0 
2065.0 

2042.5 

2045.0 

2047.5 

82 

2050.0 

2052.5 

2055.0 

2057.5 

2060.0 

2062.5 

2067.5 

2070.0 

2072.5 

!^ 

2075.0 

2077.5 

2080.0 

2082.5 

2085.0 

2087.5 

2090.0 

2092.5 

2095.0 

2097.5 

§* 

2x00.0 

2x03.5 

2105.0 

2107.5 

2XXO.O 

2II2.5 

21x5.0 

2x17.5 

2120.0 

2x22.5 

ss 

2125.0 

2137.5 

2x30.0 

2132.5 

2X35.0 

2137.5 

2x40.0 

2142.5 

2145.0 

2147.5 

86 

2150.0 

2153.5 

2155.0 

2157.5 
2183.5 

2160.0 

2163.5 

2165.0 

2x67.5 

2i7ao 

2172.S 

87 

21750 

2177.5 

3180.0 

2185.0 

2187.5 

2x90.0 

2x92.5 

2x95.0 

2197.5 

88 

2200.0 

2203.5 

3205.0 

2207.5 

3  2X0.0 

23X3.5 

22x5.0 

2217.5 

2220.0 

2222.5 

89 

3325.0 

3327.5 

2230.0 

2233.5 

2235.0 

2237.5 

2240.0 

2242.5 

2245.0 

2247.5 

90 

2350.0 

3353.5 

2255.0 

2257.5 

2260.0 

2262.5 

2265.0 

2267.5 

2270.0 

2272.5 

91 

2275.0 

22775 

2280.0 

3383.5 

2285.0 

2287.5 

2290.0 

2292.5 

2295.0 

2297.5 

92 

2300.0 

2302.5 

2305.0 

2307.5 

23x0.0 

2312.5 

2315.0 

2317.S 

2320.0 

2322.5 

93 

2335.0 

2327.S 

2330.0 

2332.5 

2335.0 

2337.5 

2340.0 

2342.S 

2345.0 

2347.S 

94 

2350.0 

2352.5 

2355.0 
2380.0 

2357.5 

2360.0 

2362.5 

2365.0 

2367.5 

2370.0 

2372.5 

95 

2375.0 

2377.5 

2382.5 

2385.0 

2387.5 

2390.0 

2392.5 

2395.0 

2397.5 

96> 

2400.0 

2402.5 

2405.0 

2407.5 

24X0.0 

2412.5 

2415.0 

2417.5 

2420.0 

2422.5 

97 

2425.0 

2427.5 

2430.0 

2432.5 

2435.0 

2437.5 

2440.0 
2465.0 

2442.5 

24450 

2447.5 

98 

2450.0 

2452.5 

2455.0 

2457.5 

2460.0 

2462.5 

2467:5 

3470.0 

2472.5 

99 

2475.0 

2477.5 

2480.0 

2482.5 

2485.0 

2487.5 

249ao 

2492.5 

2495.0 

2497.5 

zoo 

2500.0 

2502.5 

2505.0 

2507.5 

2510.0 

2512.5 

2515.0 

2517.S 

2520.0 

2522.5 

ppoRxn 

DNAL 

PART 

1)  0.0 

0.1    0 
3.5    5. 

.3      0.3 

0    7.5 

0.4 
XO.O     ] 

O.S      ( 
[2.5      X 

9.6      0 
5^    17 

.7      0. 
.5    30. 

8      a9 
0    SJ4 

I 


5i8 
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Table  40.    Cubic  Feet  and  Cubic  Yasds 


0-1350 

X3SO-2700 

2700-4050 

4050-5400 

Feet 

Yds. 

1 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

37 

X 

77 

51 

2,727 

XOI 

77 

X51 

' 

54 

2' 

1,404 

2 

|4 

2 

4,104 

2     1 

81 

3 

31 

3 

8x 

3 

31 

3 

loS 

4 

1* 

4 

2,8oS 

4 

58 

4 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

1,512 

6 

62 

6 

4,2x2 

6 

89 

7 

39 

7 

89 

7 

39 

7 

ai6 

8 

66 

8 

3,9x6 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

10 

1,620 

60 

70 

IIO 

4,320 

160 

97 

z 

47 

X 

97 

I 

47 

z 

324 

2 

74 

2 

3,024 

2 

74 

3 

SI 

3 

1,701 

3 

51 

3 

4,401 

3 

78 

4 

28 

4 

78 

4 

28 

4 

40s 

5 

55 

5 

3,10s 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

S9 

7 

1,809 

7 

59 

7 

4,509 

7 

86 

8 

36 

8 

86 

8 

36 

8 

S13 

9 

63 

9 

3,213 

9 

63 

9 

40 

20 

90 

70 

40 

X20 

90 

X70 

67 

I 

1,917 

X 

67 

X 

4,617 

x 

94 

2 

44 

2 

94 

2 

44 

3 
3 

621 

3 

71 

3 

3,321 

3 

71. 

48 

4 

98 

4 

48 

4 

98 

4 

7S 

5 

2,02s 

5 

75 

5 

4,725 

5 

702 

6 

52 

6 

3.402 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

S6 

8 

2,106 

8 

56 

8 

4,806 

8 

83 

9 

33 

9 

83 

9 

33 

9 

8x0 

30 

60 

80 

3,510 

130 

60 

180 

37 

z 

87 

X 

37 

z 

87 

x 

64 

2 

2,214 

2 

64 

3 

4,914 

3 

91 

3 

& 

3 

.5^ 

3 

41 

3 

918 

4 

4 

3.618 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

2,322 

6 

73 

6 

y,022 

6 

99 

7 

49 

7 

99 

7 

49 

7 

1,026 

8 

76 

8 

3,726 

8 

76 

8 

53 

9 

2,403 

9 

§^ 

9 

5,103 

9 

80 

40 

30 

90 

80 

Z40 

30 

Z90 

1,107 

X 

F 

X 

3,807 

z 

U 

z 

34 

3 

84 

2 

¥ 

3 

3 

6x 

3 

3,5 1  z 

3 

6x 

3 

5,211 

3 

88 

4 

1^ 

4 

88 

4 

1^ 

4 

I,2IS 

5 

65 

5 

3,915 

5 

65 

5 

43 

6 

92 

6 

42 

6 

93 

6 

69 

7 

2,619 

7 

69 

7 

5,319 

7 

96 

8 

46 

8 

96 

8 

46 

8 

1 

1^23 

9 

73 

9 

4,023 

9 

73 

9 

50 

50 

2,700 

xoo 

50 

ISO 

5.400 

aoo 

1 

j 

EARTHWORK 
Table  40— Continued 


5400-6750 

6750-8100 

8100-9450 

945a-xo,8oo 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

5^27 

201 

.o77 

asx 

8,127 

301 

77 

351 

54 

2  ; 

6,804 

2 

i^ 

2 

•  9,504 

a 

81 

3 

31 

3 

81 

3 

31 

3 

5,508 

4 

58 

4 

8,208 

4. 

S8 

4 

35 

5 

85 

5 

35 

5 

8S 

5 

62 

6 

6,912 

6 

62 

6 

9,6x2 

6 

89 

7 

39 

7 

89 

7 

39 

7 

S,6i6 

8 

66 

8 

8,316 

8 

66 

8 

43 

9 

93 

9 

,  43 

9 

93 

9 

70 

210 

7,020 

260 

70 

310 

9,720 

360 

97 

X 

47 

X 

97 

X 

47 

I 

5,724 

2 

74 

a 

8,424 

2 

74 

2 

SI 

3 

7.IOI 

3 

51 

3 

9,801 

3 

78 

4 

28 

4 

78 

4 

28 

4 

5,80s 

5 

55 

5 

8,50s 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

59 

7 

7,209 

7 

59 

7 

9,909 

7 

86 

8 

36 

8 

86 

8 

36 

8 

5.913 

9 

63 

9 

8,613 

9 

63 

9 

40 

220 

90 

270 

40 

320 

90 

370 

67 

X 

7,317 

X 

67 

I 

10,017 

X 

94 

2 

44 

2 

94 

2 

44 

2 

6,02  X 

3 

71 

3 

8,721 

3 

7J 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

7,425 

5 

75 

5 

XO,X2S 

5 

6,102 

6 

52 

6 

8,802 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

7,506 

8 

56 

8 

XO,206 

8 

83 

9 

33 

9 

83 

9 

33 

9 

6,210 

230 

60 

280 

8,910 

330 

60 

380 

37 

X 

87 

X 

37 

X 

87 

X 

64 

2 

7,614 

2 

64 

2 

10,314 

2 

91 

3 

41 

3 

H 

3 

g 

3 

6.318 

4 

68 

4 

9,018 

•  4 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

.  6 

7,72a 

6 

72 

6 

10,422 

6 

99 

7 

49 

7 

99 

7 

49 

7 

6426 

8 

76 

8 

9,126 

8 

76 

8 

S3 

9 

7,803 

9 

§3 

9 

10,503 

9 

80 

240 

30 

290 

80 

340 

/  30 

390 

6,507 

I 

57 

X 

9,207 

X 

57 

I 

34 

2 

84 

2 

34 

2 

84 

3 

61 

3 

7,9" 

3 

61 

3 

io,6xx 

3 

88 

4 

38 

4 

88 

4 

38 

4 

6.61S 

5 

65 

S 

9,315 

5 

65 

S 

i^ 

6 

92 

6 

i' 

6 

92 

6 

69 

7 

8,019 

7 

69 

7 

10,719 

7 

96 

8 

46 

8 

96 

8 

46 

8 

6,723 

9 

73 

9 

9,423 

9 

73 

9 

SO 

a  SO 

8,xoo 

300 

SO 

350 

10,800 

400 

520 
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Table  40 — Continued 


10,800-13,150 

12,150-13,500 

13,500-14,850 

m 

14,850-16,300 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

10,827 

401 

77 

451 

X3,S27 

50X 

177 

551 

54 

2 

12,304 

2 

54 

2 

14,904 

2 

81 

3 

31 

-3 

8x  . 

3 

^l 

3 

10,908 

4 

58 

4 

13,608 

4 

1^ 

4 

35 

5 

8S 

5 

35 

5 

8s 

5 

62 

6 

12,312 

6 

62 

6 

I5,013 

6 

89 

7 

39 

7 

89 

7 

39 

7 

zi,oi6 

8 

66 

8 

13,716 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

.9 

70 

410 

12,420 

460 

70 

5x0 

15420 

560 

97 

z 

47 

I 

97 

1 

47" 

X 

11,124 

2 

74 

2 

13,824 

3 

74 

2  • 

51 

3 

I2,SOX 

3 

51 

3 

15,301 

3 

78 

4 

38 

4 

78 

4 

38 

4 

11,205 

5 

55 

5 

X3,905 

5 

55 

5 

33 

6 

82 

6 

32 

6 

82 

6 

7 

12,609 

7 

5§ 

7 

15,309 

I 

86 

8 

36 

8 

86 

8 

36 

11,313 

9 

63 

9 

14,0x3 

9 

63 

9 

40 

420 

90 

470 

40 

S20 

90 

570 

67 

X 

12,7x7 

X 

67 

X 

15,4x7 

1 

94 

2 

44 

2 

94 

3 

44 

3 

11,421 

3 

71 

3 

14,121 

3 

^i 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

12,825 

5 

75 

5 

XS,525 

5 

11,502 

6 

52 

6 

14,202 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

12,906 

8 

56 

8 

15,606 

8 

83 

9 

33 

9 

Bs 

9 

33 

9 

ix,6xo 

430 

60 

480 

14,3x0 

530 

60 

580 

37 

I  • 

87 

I 

37 

X 

87 

1 

64 

2 

13,014 

2 

64 

3 

15,7x4 

2 

91 

3 

41 

3 

^l 

3 

& 

3 

11,718 

4 

68 

4 

14,418 

4 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

X3,X22 

6 

72 

6 

15,822 

6 

99 

7 

49 

7 

99 

7 

49 

7 

11,826 

8 

76 

8 

14,526 

8 

76 

8 

S3 

9 

13,203 

9 

P 

9 

15,903 

9 

80 

440 

30 

490 

80 

540 

30 

590 

11,907 
34 

I 
2 

i: 

z 

3 

14,607 
|4 

I 
3 

.^ 

1 
3 

6x 

3 

13,3" 

3 

61 

3 

16,0x1 

3 

88 

4 

1^ 

4 

88 

4 

38 

4 

12,015 

5 

6$ 

5 

X4,7X5 

5 

65 

5 

42 

6 

92 

6 

42 

6 

.  92 

6 

69 

7 

13,4x9 

7 

69 

7 

.16,119 

7 

96 

8 

46 

8 

0^ 

8 

46 

8 

12,123 

9 

73 

9 

14,823 

9 

.    73 

,  9 

50 

450 

X3.S0O 

Soo 

50 

S50 

16,300 

600 

EARTHWORK 
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Table  40 — Continued 


i6,20o-i7»SSO 

17,550-18,900 

18,900-30,350 

2o,35o-ax,6oo 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

16,327 

601 

77 

651 

18,927 

701 

77 

7S1 

54 

2 

17,604 

a 

§* 

3 

30,304 

a 

81 

3 

31 

3 

81 

3 

31 

3 

16^08 

4 

i* 

4 

19,008 

4 

g 

4 

35 

5 

85 

5 

35 

5 

5 

62 

6 

17,712 

6 

62 

6 

20,412 

6 

89 

7 

39 

7 

89 

7 

39 

7 

16^x6 

8 

66 

8 

X9,ix6 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

610 

17,820 

660 

70 

7x0 

20,520 

760 

.  97 

X 

47 

x 

97 

X 

47 

X 

16,524 

3 

74 

3  ' 

19,224 

3 

.'^ 

3 

51 

3 

17,901 

3 

51 

3 

3o,6ox 

3 

78 

4 

28 

4 

78 

4 

38 

4 

16,605 

5 

55 

5 

19,305 

5 

55 

5 

33 

6 

82 

6 

32 

6 

83 

6 

59 

7 

18,009 

7 

IS 

7 

30,709 

7 

86 

8 

36 

8 

8 

1^ 

8 

16,713 

9 

63 

9 

19,413 

9 

63 

9 

40 

620 

90 

670 

40 

720 

90 

770 

67 

I 

18,1x7 

x 

67 

X 

20,817 

X 

94 

2 

44 

3 

94 

2 

44 

3 

16,821 

3 

71 

3 

19,521 

3 

7£ 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

18,225 

5 

75 

5 

20,925 

5 

16,902 

6 

52 

6 

19,602 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

56 

8 

18,306 

8 

1^ 

8 

2X,006 

8 

83 

9 

33 

9 

83 

9 

33 

9 

17,010 

630 

60 

680 

19,710 

730 

60 

780 

37 

I 

87 

I 

37 

I 

87 

X 

64 

2 

18,414 

3 

64 

2 

2X,XI4 

3 

9X 

3 

41 

3 

91 

3 

41 

3 

17,1x8 

4 

68 

4 

X9,8x8 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

18,522 

6 

72 

6 

2X,222 

6 

99 

7 

49 

7 

99 

7 

49 

7 

17,226 

8 

76 

8 

19,926 

8 

76 

8 

53 

9 

x8,6o3 

9 

53 

9 

2X,303 

9 

80 

640 

30 

690 

80 

740 

30 

790 

17,307 

X 

57 

I 

20,007 

X 

F 

I 

34 

2 

84 

3 

§^ 

2 

84 

2 

6x 

3 

18,7x1 

3 

6x 

3 

2X,4IX 

3 

88 

4 

38 

4 

8S 

4 

l^ 

4 

17*415 

5 

65 

5 

20,XIS 

5 

65 

5 

i^ 

6. 

92 

6 

42 

6 

92 

6 

7 

18,8x9 

I 

69 

7 

21,519 

7 

96 

8 

46 

96 

8 

46 

8 

17,523 

9 

73 

9 

20,323 

9 

73 

^  9 

SO 

650 

18,900 

700 

50 

7SO 

3x,6oo 

800 

522 
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Table  ^o-— Continued 


- — "■■  »" 

3Z,600-33,950 

33,950-34.300 

34,300-25,650 

25,650-37,000 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

31,637 

80X 

77 

851 

24,327 

90Z 

77 

951 

54 

3 

23,004 

3 

54 

2 

2S,7«4 

2 

81 

3 

31 

3 

8z 

3 

31 

3 

31,708 

4 

58 

4 

34,408 

4 

58 

4 

35 

5 

85 

5 

35 

5 

85 

S 

63 

6 

23,IZ3 

6 

63 

6 

25,8X3 

6 

89 

7 

39 

7 

89 

7 

^9 

7 

3z,8i6 

8 

66 

8 

24,516 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

810 

33,330 

860 

70 

9ZO 

35,920 

960 

97 

.1 

47 

z 

97 

I 

47 

Z 

31,934 

3 

74 

3 

24,624 

3 

74 

2 

51 

3 

23,30Z 

3 

51 

3 

36,OOX. 

3 

78 

4 

38 

4 

78 

4 

38 

4 

22,005  / 

5 

55 

5 

0 

24,705 

5 

55 

5 

3a 

6 

83 

6 

32 

6 

83 

6 

50 

7 

23»409 

7 

S9 

7 

36,xo9 

7 

86 

8 

36 

8 

86 

8 

l^ 

8 

33,113 

9 

63 

9 

24,813 

9 

63 

9 

40 

820 

90 

870 

40 

930 

90 

970 

67 

I 

23,517 

X 

67 

X 

36,317 

z 

94 

3 

44 

3 

94 

3 

44 

2 

23,331 

3 

71 

3 

24,92  z 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

23,635 

5 

75 

5 

26,325 

s 

33,303 

6 

52 

6 

2S,003 

6 

52 

6 

39 

7 

79 

7 

29 

7 

79 

7 

56 

8 

23,706 

8 

56 

8 

■  36,406 

8 

83 

9 

33 

9 

83 

9 

33 

9 

33,410 

830 

60 

880 

35,XZO 

930 

60 

980 

37 

z 

87 

z 

37 

z 

87 

z 

64 

3 

23,814 

3 

64 

3 

26,514 

2 

91 

3 

41 

3 

91 

3 

^l 

3 

33,518 

4 

68 

4 

25,2X8 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

73 

6 

33,922 

6 

73 

6 

36,633 

6 

99 

7 

49 

7 

99 

7 

49 

7 

33,636 

8 

76 

8 

25,326 

8 

76 

8 

53 

9 

24,003 

9 

53 

9 

26,703 

9 

80 

840 

30 

890 

80 

940 

30 

990 

33,707 

z 

57 

z 

25,407 

I 

V 

z 

34  . 

3 

84 

3 

34 

3 

84 

2 

61 

3 

24,"  I 

3 

6z 

3 

36,8xx 

3 

88 

4 

38 

4 

88 

4 

38 

4 

33,815 

5 

65 

S 

25,515 

5 

65 

S 

^* 

6 

92 

6 

^* 

6 

92 

6 

69 

7 

24,2Z9 

I 

69 

7 

36,9Z9 

7 

96 

8 

46 

96 

8 

46 

8 

23,923 

9 

73 

9 

25,623 

9 

73 

9 

SO 

850 

24,300 

900 

50 

950 

27,000 

xooo 

EARTHWORK 
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Table  40 — Continued 


a;  ,000-28,350 

28^50-29,700 

r 
29,7oo-3i>oso 

31,050-32,400 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

37.0*7 

zoox 

77 

Z051 

29,7*7 

IIOI 

77 

IZ5Z 

54 

a 

28,404 

2 

§* 

3 

31.104 

3 

81 

3 

3i 

3 

8x 

3 

31 

3 

27,108 

4 

S8 

4 

29,808 

4 

l^ 

4 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

28,512 

6 

62 

6 

31.212 

6 

89 

7 

39 

7 

H 

7 

39 

7 

27,2x6 

8 

66 

8 

>«9,9i6 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

lOIO 

38,620 

Z060 

70 

xzxo 

31,320 

zx6o 

97 

I 

47 

I 

97 

X 

47 

I 

27,324 

2 

74 

3- 

30,024 

2 

74 

3 

SI 

3 

28,701 

3 

51 

3 

31.401 

3 

78 

4 

28 

4 

78 

4 

28 

4 

27,405 

5 

55 

5 

30,105 

5 

55 

5 

32 

6 

82 

6 

32 

6 

82 

6 

59 

1 

28,809 

7 

59 

7 

31,509 

7 

86 

l^ 

8 

86 

8 

36 

8 

27,513 

9 

63 

9 

30,213 

9 

63 

9 

40 

X020 

90 

Z070 

40 

ZX20 

90 

1x70 

67 

z 

28,9x7 

X 

67 

I 

31,617 

k 

94 

2 

44 

4 

94 

3 

44 

2 

27,621 

3 

71 

3 

30,321 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

29,025 

5 

75 

5 

31,725 

5 

27,70a 

6 

52 

6 

30,402 

6 

52 

6 

29 

I 

79 

7 

29 

7 

79 

7 

t 

29,106 

8 

l^ 

8 

31,806 

8 

9 

33 

9 

83 

9 

33 

9 

27,810 

1030 

60 

1080 

30,510 

1130 

60 

iz8o 

37 

z 

87 

I 

37 

z 

87 

I 

64 

3 

29,214 

2 

64 

3 

31,914 

2 

91 

3 

41 

3 

^l 

3 

41 

3 

27,918 

4 

68 

4 

30,618 

4 

68 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

29,322 

6 

72 

6 

32,022 

6 

99 

7 

49 

7 

99  ' 

I 

49 

7 

28,026 

8 

7$ 

8 

30,726 

76 

8 

P 

9 

29,403 

9 

11 

9 

32,103 

9 

80 

X040 

30 

Z090 

X140 

30 

X190 

28,107 

z 

57 

I 

30,807 

I 

57 

I 

34 

2 

84 

2 

34 

3 

84 

3 

6x 

3 

29,511 

3 

61 

3 

32,211 

3 

88 

4 

38 

4 

88 

4 

38 

4 

28,21s 

5 

65 

5 

30,915 

5 

65 

5 

42 

6 

92 

6 

1* 

6 

92 

6 

69 

7 

29,619 

7 

69 

7 

32.319 

7 

96 

8 

46 

8 

96 

8 

46 

8 

28,323 

9 

73 

9 

31,023 

9 

73 

9 

SO 

1050 

29,700 

XIOO 

50 

xzso 

32,400 

Z200 

S24 
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Table  40 — Continued 


32,400-33,750 

33,7S<^35,ioo 

1   35,100-36,450 



36,45o-37»8oo 

Feet 

Yd*. 

Feet 

Yds. 

Feet 

Yds, 

Feet 

Yds. 

3a,4«7 

X26x 

77 

XS51 

3S.X27 

X30X 

.    77 

^ZSt 

54 

2 

33,804 

2 

54 

2 

36,504 

a 

8x 

3 

31 

3 

8x 

3 

^l 

3 

32,508 

4 

58 

4 

35,208 

4 

s* 

4 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

33,912 

6 

62 

6 

36,6x2 

6 

89 

7 

39 

7 

89 

7 

39 

7 

32,6x6 

8 

66 

8 

35,316 

8 

66 

8 

43 

9 

93 

9 

43 

9 

93 

9 

70 

12x0 

34»020 

1260 

70 

13x0 

36,720 

Z360 

07 

X 

47 

X 

97 

X 

47 

z 

32,724 

2 

74 

a 

35,424 

2 

74 

a 

51 

3 

34,iox 

3 

SJ 

3 

36,801 

3 

78 

4 

28 

4 

78 

4 

38 

4 

32,80s 

5 

55 

5 

35,505 

5 

55 

5 

32 

6 

82 

6 

32 

6 

83 

6 

59 

7 

34,209 

7 

59 

7 

36,909 

7 

86 

8 

36 

8 

86 

8 

36 

8 

32,913 

9 

63 

9 

35,613 

9 

63 

9 

40 

X220 

90 

1270 

40 

13  20 

90 

1370 

67 

X 

34,317 

X 

67 

X 

37,017 

X 

94 

2 

44 

2 

94 

3 

44 

2 

33,021 

3 

71 

3 

35,721 

3 

71 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

34,4^5 

5 

75 

5 

37,125 

5 

33,102 

6  1 

52 

6 

3S,8o2 

6 

5* 

6 

29 

7 

79 

7 

29 

'  7 

79 

7 

56 

8 

34,506 

8 

56 

8 

37,206 

8 

83 

9 

33 

9 

83 

9 

33 

9 

33»2io 

1230 

60 

za8o 

3S.9IO 

1330 

60 

Z380 

|7 

I 

87 

X 

37 

X 

87 

Z 

64 

2 

34,614 

2 

64 

2 

37,314 

a 

^l 

3 

41 

3 

91 

3 

S 

3 

33,318 

4 

68 

4 

36,0x8 

4 

4 

45 

5 

95 

5 

45 

5 

95 

5 

7a 

6 

34,722 

6 

72 

6 

37,422 

6 

99 

7 

49 

7 

99 

7 

49 

7 

33,426 

8 

76 

8 

36,126 

8 

76 

8 

F 

9 

34,803 

9 

11 

9 

37.503 

9 

80 

X240 

30 

Z290 

1340 

30 

1390 

33,507 

X 

P 

z 

36,207 

I 

1: 

z 

!•* 

2 

84 

2 

5* 

2 

a 

6x 

3 

34,9" 

3 

61 

3 

37,6xx 

3 

88 

4 

38 

4 

88 

4 

fs 

4 

33,615 

5 

65 

5 

36,31s 

5 

5 

^ 

6 

92 

6 

S 

6 

03 

6 

7 

35,019 

7 

I 

37,7x9 

7 

96 

8 

46 

8 

96 

46 

8 

33,723 

9 

73 

9 

36,423 

9 

73 

9 

50 

X250 

3S,ioo 

X300 

50 

1350 

37,800 

Z400 

EARTHWORK 
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Table  40 — Concluded 


37,800-39,150 

39,150-40,500 

• 

40,500-41,850 

41,850-43,200 

Feet 

Yds. 

Feet 

Yds. 

Feet 

Yds. 

1 

Feet 

Yds. 

37327 

X40X 

77 

14S1 

40,527 

I  SOX 

1 

77 

1551 

54 

2 

1  39,204 

2 

54 

3 

41,904 

3 

8x 

3 

31 

3 

8x 

3 

31 

3 

37,908 

4 

58 

4 

40,608 

4 

1* 

4  ' 

35 

5 

85 

5 

35 

5 

85 

5 

62 

6 

39,3x2 

6 

62 

6 

42,0x3 

6 

89 

7 

39 

7 

89 

7 

39 

I 

38,0x6 

8 

66 

8 

40,7x6 

8 

66 

43 

9 

93 

9 

43 

0 

93 

0 

70 

X410 

39,420 

X460 

70 

xsxo 

42,X20 

X560  ' 

97 

X 

47 

X 

97 

X 

47 

I 

38,124 

2 

74 

2 

40,824 

3 

74 

3 

51 

3 

39,Sox 

3 

51 

3 

43,20X 

3 

78 

4 

28 

4 

78 

4 

28 

4 

38,205 

5 

55 

5 

40,905 

5 

55 

5 

3a 

6 

82 

6 

32 

6 

82 

6 

§9 

7 

39,609 

7 

59 

7 

42,309 

1 

86 

8 

36 

8 

86 

8 

36 

38,313 

9 

63 

9 

41,013 

9 

63 

0 

40 

X420 

90 

1470 

40 

X520 

90 

X570 

67 

X 

39,717 

X 

67 

X 

42,417 

I 

«  ^ 

2 

44 

2 

94 

2 

44 

3 

38,421 

3 

71 

3 

4I,I2X 

3 

7X 

3 

48 

4 

98 

4 

48 

4 

98 

4 

75 

5 

39,825 

5 

75 

5 

42,525 

5 

38,502 

6 

52. 

6 

41,202 

6 

52 

6 

29 

7 

79 

7 

29 

7 

79 

7 

i^ 

8 

39,906 

8 

56 

8 

42,606 

8 

.J^ 

9 

33 

9 

83 

9 

33. 

0 

38,6x0 

1430 

60 

X480 

4X,3io 

1530 

60 

X580 

37 

X 

87 

X 

37 

X 

87 

X 

64 

2 

40,0x4 

2 

64 

2 

42,7x4 

3 

91 

3 

4X 

3 

91 

3 

a 

3 

38,718 

4 

68 

4 

41,418 

4 

4 

45 

5 

95 

5 

45 

5 

95 

5 

72 

6 

40,X22 

6 

72 

6 

42,822 

6 

•  «^ 

7 

49 

7 

99 

I 

49 

I 

38,826 

8 

76 

8 

41,526 

76 

1^ 

9 

40,203 

9 

53 

9 

42,903 

0 

80 

1440 

30 

1490 

80 

1540 

30 

X590 

38,907 

z 

V 

X 

4X,6o7 

X 

il 

1 

1^ 

3 

84 

2 

34 

2 

a 

61 

3 

40,3" 

3 

6x 

3 

43,oxx 

3 

88 

4 

2* 

4 

88 

4 

38 

4 

39,015 

5 

65 

5 

41,715 

5 

65 

5 

;? 

6 

02 

6 

s 

6 

93 

6 

7 

40,4x9 

7 

7 

43,119 

I 

06 

8 

46 

8 

.^ 

8 

46 

30,123 

9 

73 

0 

41,823 

9 

73 

,  0 

SO 

1450 

40,500 

X500 

50 

1550 

43,200 

x6oo 

526 
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Tabix  41.    New  York  State  Department  op  Highways. 
Earthwork  Computation  Tables 

DlSTAMCE  HOSXZONTAI.      SuK  OF  ArEAS  Ve&TICAL      QuAMTITZES  IN  CuBIC  YaUM 


2 

3 

4 

5 

6 

7 

O.X 

8 

i) 

ZO 

ZZ 

Z3 

13 

14 

p'ubk 
Areas 

0.0 

O.X 

O.X 

0.1 

O.I 

0.1 

0.3 

0.3 

0.3 

a2 

0.3 

0.3      Z  .0 

0.0 

O.X 

0.1 

O.X 

O.X 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.3 

0.3            3 

O.X 

O.X 

0.1 

O.X 

0.2 

0.2 

0.2 

0.2 

0.3 

0.3 

0.3 

0.3 

0.4            4 

O.I 

O.X 

0.1 

O.X 

0.2 

0.3 

0.2 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4]         6 

O.Z 

O.X 

O.Z 

0.3 

0.3 

0.3 

0.3 

0.3 

0.3 

OJ^ 

0.4 

0.4 

O.S 

8 

O.X 

O.X 

0.1 

0.3 

0.3 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

O.S 

O.S 

3.0 

O.X 

O.I 

0.3 

0.3 

0.2 

0.3 

0.3 

0.4 

0.4 

0.4 

O.S 

®l 

0.6 
0.6 

3 

O.Z 

O.I 

0.3 

0.3 

0.3 

0.3 

0.4 

0.4 

0.4 

O.S 

O.S 

0.6 

t 

0.1 

O.I 

0.3 

0.2 

0.3 

0.3 

0.4 

0.4 

O.S 

O.S 

0.6 

0.6 

0.7 

O.Z 

0.3 

0.2 

0.3 

0.3 

0.4 

0.4 

O-S 

O.S 

0.6 

0.6 

0.7 

0.7 

8 

0.1 

a2 

0.3 

0.3 

0.3 

0^ 

OA 

O.S 

0.6 

0.6 

0.7 

0.7 

0.8 

3.0 

O.X 

0.2 

0.3 

0.3 

0^ 

0^ 

O.S 

O.S 

0.6 

0.7 

**-2 

0.8 

0.8 

3 

0.1 

0.3 

0^ 

0.3 

0^ 

OJ^ 

O.S 

0.6 

0.6 

0.7 

0.8 

0.8 

o.d 

4 

O.X 

0.3 

0.3 

0.3 

0^ 

0.5 

0.5 

0.6 

0.7 

0.7 

0.8 

0.9 

o.g 

6 

O.X 

0.3 

0^ 

0^ 

0^ 

O.S 

0.6 

0.6 

0.7 

0.8 

0.8 

0.9 

Z.0 

8 

O.X 

0.3 

0.3 

OJ^ 

OA 

O.S 

0.6 

0.7 

0.7 

0.8 

0.9 

Z.O 

Z.0 

4.0 

0.2 

0.2 

0.3 

0.4 

O.S 

O.S 

0.6 

0.1 

0.8 

0.9 

0.9 

Z.O 

z.z 

a 

o.a 

0.3 

0.3 

0.4 

O.S 

0.6 

0.7 

0.7 

0.8 

0.9 

Z.O 

Z.Z 

z.z 

i 

o.a 

0.3 

0.3 

0.4 

O.S 

0.6 

0.7 

0.8 

0.9 

0.9 

Z.O 

z.z 

z.3 

0.3 

0.3 

0^ 

0.4 

0.5 

0.6 

0.7 

0.8 

0.9 

Z.O 

z.z 

Z.2 

z.3 

8 

o.a 

0.3 

0.4 

O.S 

0.6 

0.6 

0.7 

0.8 

0.9 

Z.O 

z.z 

Z.2 

z.3 

S.O 

0.3 

0.3 

0.4 

O.S 

0.6 

0.7 

0.8 

0.9 

Z.O 

z.z 

z.3 

Z.3 

z.3 

3 

0.2 

0.3 

0.4 

O.S 

a6 

0.7 

0.8 

0.9 

Z.O 

z.z 

Z.3 

1.3 

1.4 

4 

0.3 

0.3 

0.4 

O.S 

0.6 

0.7 

0.8 

0.9 

Z.O 

z.z 

Z.3 

1.3 

z.s 

6 

0.2 

0.3 

0.4 

O.S 

0.6 

0.8 

0.9 

Z.O 

z.z 

z.s 

Z.3 

z.4 

1.5 

8 

0.2 

0.3 

0.4 

0.6 

0.7 

0.8 

0.9 

Z.O 

z.z 

z.3 

1.3 

z.4 

z.6 

6.0 

0.2 

0.3 

O.S 

0.6 

0.7 

0.8 

0.9 

X.I 

z.z 

1.3 

z.4 

IS 

z.6 

3 

0.3 

0.4 

o-S 

0.6 

0.7 

0.8 

0.9 

X.I 

1.3 

1.3 

z.4 

i-S 

1.7 

4 

0.3 

0.4 

O.S 

0.6 

0.7 

0.9 

X.O 

I.I 

1.3 

1.3 

1.5 

z.6 

H 

6 

0.3 

0^ 

0.5 

0.6 

0.7 

0.9 

Z.O 

I.I 

Z.3 

1.4 

I.S 

z.6 

z.8 

8 

0.3 

0^ 

O.S 

0.6 

0.8 

0.9 

Z.O 

1.2 

z.3 

1.4 

z.6 

1.7 

z.8 

7.0 

0.3 

0.4 

0.5 

0.7 

0.8 

0.9 

I.X 

1.2 

x-3 

IS 

z.6 

'•2 

z.g 

2 

0.3 

0.4 

as 

0.7 

a8 

1.0 

z.x 

X.2 

z.4 

IS 

z.6 

z.8 

1.9 

i 

0.3 

0.4 

0.6 

0.7 

0.8 

1.0 

z.x 

1-3 

z.4 

z.s 

1.7 

z.8 

3.0 

0.3 

0^ 

0.6 

0.7 

0.9 

1.0 

z.3 

X.3 

z.4 

z.6 

x-7 

z.9 

3.0 

8 

0.3 

0.4 

0.6 

0.7 

0.9 

1.0 

z.3 

x.3 

1.5 

z.6 

z.8 

z.9 

3.x 

8.0 

0.3 

O.S 

0.6 

0.8 

0.9 

x.x 

Z.3 

z.4 

1.5 

1.7 

z.8 

3.0 

3.x 

3 

0.3 

O.S 

0.6 

0.8 

0.9 

z.x 

X.3 

z.4 

z.6 

1.7 

z.9 

3.0 

3.3 

i 

03 

O.S 

0.6 

0.8 

X.O 

I.I 

1.3 

z.4 

z.6 

1.7 

z.9 

3.Z 

3.2 

0.3 

O.S 

0.7 

0.8 

Z.O 

z.x 

Z.3 

z.s 

z.6 

z.8 

3.0 

3.Z 

3.3 

8 

0.3 

O.S 

0.7 

0.9 

I^ 

1.3 

z.3 

1.5 

1.7 

z.8 

3.0 

3.3 

3.3 

9.0 

0.3 

O.S 

0.7 

0.9 

Z.O 

1.3 

Z.4 

1.5 

1-7 

z.9 

3.0 

3.3 

2.4 

2 

0.3 

O.S 

0.7 

0.9 

Z.O 

1.3 

Z.4 

1.6 

Z.7 

z.9 

3.Z 

2.3 

2.^ 

4 

0.4 

O.S 

0.7 

0.9 

Z.X 

X.3 

z.4 

1.6 

z.8 

3.0 

3.Z 

2.3 

3.S 

6 

0^ 

O.S 

0.7 

0.9 

z.x 

1.3 

z.s 

z.6 

z.8 

3.0 

3.3 

2.4 

2-5 

8 

0.4 

0.6 

0.7 

0.9 

I.I 

1.3 

I.S 

1.7 

z.9 

2.0 

3.3 

2.4 

2.t 

Z0.0 

P-4 

0.6 

0.8 

X.O 

1.3 

1.4 

z.6 

z.8 

z.9 

3.Z 

3.3 

3.S 

2.7 

5 

0.4 

0.6 

0.8 

X.O 

Z.3 

lA 

z.6 

z.8 

3.0 

3.3 

2.4 

3.6 

2.9 

ZZ.O 

0.4 

0.6 

0.9 

X.I 

1.3 

^•1 

1.7 

Z.9 

3.Z 

2.3 

2.S 

8.8 

3.C 

5 

0.4 

0.7 

o.g 

1.x 

1.3 

Z.6 

z.8 

3.0 

3.3 

3.4 

3.7 

2.9 

3.1 

za.o 

O.S 

0.7 

0.9 

1.2 

I^ 

Z.6 

1.9 

3.Z 

2.3 

2.5 

3.8 

3.0 

3.a 

5 

0.5 

0.7 

I.O 

1.2 

1.5 

1.7 

3.0 

3.2 

2.4 

3.6 

3.9 

3.1 

3^ 

Z3.0 

O.S 

0.7 

X.O 

1.3 

i.S 

Z.8 

3.0 

3.3 

2.5 

2.7 

3.0 

3.3 

3*5 

3 

0.5 

0.8 

1.0 

1.3 

1.6 

Z.8 

3.Z 

3.3 

3.6 

2.8 

3.1 

3.4 

3.0^ 

14.0 

EARTHWORK 
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Tabi:e  41-^Continued 
Distance  Hosxzomtal    Sitic  or  Areas  Vertical    Quamtities  in  Cubic  Yards 


IS 

16 

17 

x8 

19 

20 

21 

22 

23 

24 

2S 

26 

27 

p'uble 
Areas 

0.3 

03 

0.3 

0.3 

0.4 

0.4 

0.4 

0.4 

0.4 

0.4 

O.S 

^i 

O.S 

1.0 

0.3 

0.4 

0.4 

0.4 

0.4 

0.4 

O.S 

O.S 

O.S 

O.S 

0.6 

0.6 

0.6 

2 

0.4 

0.4 

0.4 

0.5 

0.5 

O.S 

0.5 

0.6 

0.6 

0.6 

0.6 

^■l 

0.7 

4 

0.4 

O.S 

O.S 

O.S 

0.6 

0.6 

0.6 

0.7 

0.7 

H 

0.7 

0.8 

0.8 

6 

0.5 

O.S 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.8 

0.9 

0.9 

8 

0.6 

0.6 

0.6 

0.7 

0.7 

^•1 

0.8 

0.8 

0.9 

0.9 

0.9 

1.0 

1.0 

2.0 

0.6 

0.7 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

0.9 

1.0 

1.0 

I.I 

I.I 

2 

0.7 

0.7 

0.8 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

I.X 

I.I 

1.2 

1.2 

4 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

X.O 

I.X 

I.I 

x.2 

1.2 

1.3 

1.3 

6 

0.8 

0.8 

0.9 

1.0 

X.O 

1.0 

X.I 

I.I 

1.2 

1.2 

1.3 

1.4 

x.4 

8 

0.8 

0.9 

0.9 

1.0 

I.X 

1.1 

1.2 

x.2 

1.3 

1-3 

1.4 

1.4 

I.S 

3.0 

0.9 

0.9 

X.O 

I.X 

x.x 

1.2 

1.2 

1.3 

1.4 

X.4 

1.5 

H 

x.6 

2 

0.9 

1.0 

Z.I 

I.X 

x.2 

1.3 

1.3 

1.4 

1.4 

1-5 

1.6 

1.6 

H 

4 

I.O 

I.X 

z.x 

1.2 

1-3 

1.3 

X.4 

IS 

IS 

1.6 

1.7 

1.7 

x.8 

6 

i.i 

X.I 

z.a 

1.3 

X.3 

1.4 

I.S 

IS 

1.6 

1.7 

1.8 

1.8 

1.9 

8 

I.X 

1.2 

1.3 

1.3 

X.4 

1.5 

1.6 

1.6 

1.7 

1.8 

1.9 

1.9 

2.0 

4.0 

1.2 

X.2 

1.3 

1.4 

i-S 

1.6 

1.6 

1.7 

Z.8 

1.9 

1.9 

a.o 

2.1 

2 

X.2 

1.3 

1.4 

x-S 

I.S 

1.6 

1-7 

1.8 

1.9 

2.0 

a.o 

a.i 

2.2 

t 

X.3 

1.4 

1.4 

I.S 

x.6 

1.7 

1.8 

1.9 

2.0 

2.0 

a.i 

a.2 

2.3 

1.3 

1.4 

I.S 

Z.6 

1.7 

1.8 

1.8 

a.o 

2.0 

2.1 

a.2 

2.3 

2.4 

8 

1.4 

I'S 

1.6 

1.7 

1.8 

X.9 

x.9 

a.o 

a.i 

2.2 

2.3 

2.4 

2.5 

S.O 

1.4 

I.S 

1.6 

1.7 

1.8 

X.9 

2.0 

2.1 

2.2 

2.3 

•  2.4 

2.5 

2.6 

2 

i.S 

x.6 

H 

1.8 

1.9 

2.0 

2.1 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

t 

1.6 

1.7 

x.8 

1.9 

2.0 

2.1 

2.3 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

X.6 

1.7 

x.8 

2.0 

2.0 

2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.8 

2.9 

8 

1.7 

x.8 

1.9 

a.o 

a.x 

2.2 

2.3 

2.4 

2.6 

2.7 

a.8 

a.9 

3.0 

6.0 

X.7 

1.8 

1-9 

2.X 

2.2 

2.3 

2.4 

2.5 

2.6 

^•? 

2.9 

3.0 

3.1 

2 

X.8 

1.9 

2.0 

2.X 

2.2 

2.4 

2.5 

2.6 

2.7 

2.8 

3.0 

3.1 

3.2 

t 

1.8 

2.0 

2.1 

2.2 

2.3 

2.5 

2.6 

2.7 

2.8 

2.9 

31 

3.3 

33 

X.Q 

2.0 

2.1 

3.3 

2.4 

2.5 

a.6 

2.8 

2.9 

3.0 

3.2 

3.3 

3.4 

8 

J. 9 

2.1 

3.2 

2.3 

2.5 

2.6 

2.7 

2.9 

3.0 

3.1 

3.2 

3.4 

3.5 

7.0 

2.0 

2.1 

2.3 

2.4 

2.5 

2.7 

2.8 

2.9 

3.1 

3.2 

3.3 

35 

3.6 

2 

2.x 

2.2 

2.3 

2.5 

2.6 

H 

2.9 

3.0 

3.1 

3.3 

3.4 

3.6 

H 

4 

2.x 

2.3 

2.4 

2.5 

2.7 

2.8 

3.0 

3.1 

3.2 

3-4 

3-5 

H 

3.8 

6 

2.2 

2.3 

2.5 

2.6 

2.7 

a.9 

3.0 

3.2 

3-3 

3.5 

3.6 

3.8 

3.9 

8 

2.2 

2.4 

2.5 

2.7 

2.8 

3.0 

3.1 

3.3 

3.4 

3.6 

H 

3.9 

4.0 

8.0 

2.3 

2.4 

2.6 

2.7 

2.9 

3.0 

3.2 

3.3 

3-5 

3.6 

3.8 

4.C 

4.1 

2 

2.3 

2.5 

2.6 

2.8 

2.9 

3.1 

3,3 

3.4 

3.6 

H 

3.9 

4.1 

4.2 

4 

2.4 

2.5 

2.7 

2.9 

3.0 

3.2 

3-3 

3-5 

H 

3.8 

4.0 

4.1 

4.3 

6 

2.4 

2.6 

2.8 

2.9 

3.1 

3.3 

3.4 

3.6 

3.8 

3.9 

4.1 

4.2 

4-4 

8 

2.5 

2.7 

2.8 

3.0 

3.2 

3.3 

3.5 

H 

3.8 

4.0 

4.2 

4.3 

4-5 

9.0 

2.6 

2.7 

2.9 

3.1 

3.2 

3.4 

3.6 

3.8 

3-9 

4.1 

4.3 

4.4 

4.6 

2 

2.6 

2.8 

3.0 

3-1 

3.3 

3-5 

3.7 

3.8 

4.0 

4.2 

4.4 

4-5 

H 

4 

2.7 

2.8 

3.0 

3.2 

3.4 

H 

H 

3.9 

4.1 

4.3 

4.S 

4.6 

4.8 

6 

2.7 

2.9 

3.1 

3.3 

3.4 

3.6 

3.S 

4.0 

4.2 

4.4 

4S 

4.7 

4.9 

8 

2.8 

3.0 

3.1 

3.3 

3.5 

3-7 

3.9 

4.1 

4.2 

n 

4.6 

4.8 

5.0 

100 

2.g 

3.1 

3-3 

35 

3-7 

3-9 

4.1 

4.3 

4.5 

4.9 

S.O 

5-3 

S 

3.x 

3-3 

35 

H 

3-9 

4.1 

4.3 

4.S 

4.7 

4.9 

5.1 

5.3 

S'S 

II.O 

3.a 

3.4 

H 

3.8 

4.0 

4-3 

4.S 

4.7 

4.9 

5.1 

S.3 

S-5 

5-7 

5 

3-3 

3.6 

3.8 

4.0 

4.2 

4.5 

4.7 

4.9 

S.I 

S.3 

S'S 

5.8 

6.0 

12.0 

3.5 

3.7 

3.9 

4.2 

4.4 

^•S 

4.9 

S.i 

5.3 

H 

S.8 

6.0 

6.2 

S 

3.6 

3.8 

4.x 

4.3 

4-J 

4.8 

S.O 

5.3 

ss 

5.8 

6.0 

6.3 

6.5 

13.0 

3.7 

4.0 

4.2 

4-5 

4.8 

S-o 

S.2 

5.5 

5.8 

6.0 

63 

S'5 

6.7 

5 

3.9 

4.i| 

4.4 

4.7 

4,9 

5.2 

5.4 

S.7 

6.0 

6.2 

6.5 

6.7 

7.o[ 

X4.0 

S28 
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Table  41 — Continued 
Distance  Horizontal    Sum  or  Areas  Vertical    Quantities  m  Cubic  Yards 

Areas 


38 

39 

30 

31 

32 

33 

O.S 

0.5 

6.6 

0.6 

0.6 

0.6 

0.6 

0.6 

0.7 

0.7 

0.7 

0.7 

H 

0.8 

0.8 

0.8 

0.8 

0.9 

0.8 

0.9 

0.9 

0.9 

x.o 

x.o 

0.9 

I.O 

1.0 

X.o 

I.I 

x.x 

x.o 

I.I 

I.I 

1.2 

1.2 

x.2 

z.x 

X.2 

1.3 

1.3 

x.3 

1-3 

1.2 

1.3 

X.3 

1.4 

1.4 

1.5 

1.4 

X.4 

1.4 

1.5 

1.5 

1.6 

x.S 

1.5 

Z.6 

1.6 

1-7 

1.7 

1.6 

X.6 

H 

H 

1.8 

1.8 

1.7 

1.7 

1.8 

1.8 

1.9 

2.0 

1.8 

X.8 

1.9 

3.0 

3.0 

2.1 

1.9 

1.9 

3.0 

3.X 

2.x 

3.2 

3.0 

3.0 

3.1 

3.3 

2.3 

2.3 

3.1 

3.3 

3.2 

2.3 

3.4 

2.5 

3.3 

3.3 

2.3 

3.4 

2.5 

3.6 

2.3 

3.4 

li 

*•! 

3.6 

2.7 

3«4 

H 

3.6 

2.7 

2.8 

3.5 

3.6 

3.7 

3.8 

3.8 

3.9 

3.6 

2.7 

3.8 

3.9 

3-0 

3.1 

2.7 

3.8 

3.9 

3® 

3.1 

3.2 

3.8 

3.9 

3.0 

3.1 

3.2 

3.3 

3.9 

3.0 

3.1 

3.2 

3-3 

3.4 

3.0 

3.1 

3.2 

3-3 

3.4 

3.6 

3.1 

3.2 

3-3 

3.5 

3.6 

3.7 

3.3 

3.3 

35 

3.6 

H 

3.8 

3-3 

3.4 

3.6 

3-7 

3.8 

3-9 

3.4 

35 

H 

3.8 

3.9 

4.0 

3-5 

3-7 

3.8 

3.9 

4.0 

4.2 

3.6 

3.8 

3.9 

4.0 

4.2 

4.3 

H 

3-9 

4.0 

4.1 

4.3 

4.4 

3.8 

4.0 

4-1 

4-3 

4.4 

4.5 

3.9 

4.x 

4.2 

4.4 

4.5 

H 

4.0 

4.3 

4-3 

4-5 

4.6 

4.8 

4.2 

4.3 

4.4 

4.6 

4.7 

4.9 

4-3 

4.4 

4.6 

H 

4.9 

5.0 

4.4 

4.5 

4-7 

4.8 

5.0 

5.1 

4-S 

4.6 

4.8 

4.9 

S.I 

5.3 

4.6 

4.7 

4.9 

S.I 

S-2 

5-4 

H 

4.8 

5-0 

5.2 

5-3 

S'S 

4.8 

4.9 

5.1 

5-3 

S'S 

s-S 

4.9 

5.1 

5.2 

5-4 

5-6 

5-8 

so 

5.2 

5-3 

5-5 

H 

?:2 

S.I 

S-Z 

5.5 

5.6 

5.8 

S.3 

li 

S'S 

S.8 

5.9 

6.x 

SA 

i:? 

6.0 

6.2 

6.4 

S-7 

5.9 

6.3 

6.1 

6.7 

6.0 

6.2 

6.4 

6.6 

7.0 

6.3 

1 

64 

6.7 

7.0 

7.1 

7.3 

6.5 

6.7 

7.0 

7.2 

7.4 

11 

6.7 

7.0 

7.2 

75 

7.7 

7.0 

7.3 

u 

2* 

8.0 

8.3 

7.2 

7.5 

8.0 

8.3 

8.6 

34 


35 


0.6 
0.8 
0.9 
x.o 

x.2 

1-3 

1.4 

1-5 
1.6 
1.8 

1.9 
2.0 
3.1 
2.3 
3.4 

2.5 
3.6 
2.8 
2.9 
3.0 

3-1 
3-3 
3.4 

3-5 
3.7 

3.8 

3.9 
4.0 

4.2 
4-3 

4.4 

4.5 

4.7 
4.8 

4.9 

5.0 
5.2 
5.3 
5-4 
5-5 

H 
5.8 

5-9 

6.1 

6.2 

6.3 
6.6 

6.9 

?:? 

8.5 
8.8 


0.7 
0.8 
0.9 
1.0 

x.2 
1.3 

1.7 
1.8 

1.9 
3.1 
3.2 

2.3 
2.5 

3.6 
2.7 
2.9 
3.0 

3.1 

3.2 
3.4 
3.5 
3.6 
3.8 

3-9 
4.0 

4.2 

4.3 
4.4 

4.5 
4.7 
4.8 

4.9 
S.I 

5.2 
5-3 
5.5 
5.6 

5.7 

6.0 
6.1 
6.2 
6.3 

6.5 
6.8 

7.1 

U 
8.1 
II 

9.1 


36 

37 

38 

0.7 

0.7 

0.7 

0.8 

0.8 

0.9 

0.9 

1.0 

1.0 

x.x 

i.x 

I.I 

x.3 

1.2 

x.3 

J.3 

1.4 

1.4 

1-5 

IS 

1.6 

x.6 

1.7 

1.7 

1.7 

1.8 

1.8 

1.9 

1.9 

3.0 

3.0 

2.1 

3.1 

3.1 

2.2 

2.3 

2.3 

2.3 

3.4 

3.4 

2.5 

3.5 

2.5 

2.6 

3.7 

2.7 

3.7 

3.8 

2.8 

2.9 

3.0 

2.9 

3.0 

3.1 

3.1 

3.2 

3.2 

3.2 

3.3 

3.4 

3-3 

3.4 

35 

35 

3.6 

H 

3.6 

3.7 

3.8 

3-7 

3.8 

3.9 

3-9 

4.0 

4.1 

4.0 

4.1 

4.2 

4.1 

4-3 

4.4 

4.3 

4.4 

4.5 

4.4 

4.5 

4.7 

4.5 

4.7 

4.8 

H 

4.8 

4.9 

4.8 

4.9 

5.1 

4.9 

5.1 

5.2 

5.1 

5.2 

5.4 

5.2 

5.4 

5-5 

5-3 

5.5 

5-S 

5-5 

^i 

5.8 

5.6 

5.8 

5.9 

5.7 

59 

6.x 

5.9 

6.0 

6.2 

6.0 

6.2 

6.3 

6.1 

6.3 

6.5 

6.3 

6.5 

6.6 

6.4 

6.6 

6.8 

6.5 

6.7 

6.9 

6.7 

6.9 

7.0 

7.0 

7.2 

l^ 

7-3 

7.5 

2-7 

11 

8.x 

8.0 

8.5 

8.3 

8.6 

8.8 

8.7 

8.9 

9.2 

9.0 

9.3 

H 

9.3 

9.6 

g.8 

39 


0.7 
0.9 
x.o 

x.2 
1.3 

1.5 

1.6 

1.7 

X.9 
3.0 

3.2 
2.3 
2.5 

3.6 
3.8 

3.9 
3.0 
3.2 
3.3 
3.5 

H 
3.8 

3.9 
4.1 
4.2 

4.3 
4.5 

4.6 

4.8 
4.9 

5.1 
5.2 

5~t 
55 
5.6 

5.8 

5.9 
6.1 
6.2 
6.4 

6.7 
6.8 
6.9 
7.1 

7.3 
7.6 
7.9 
8.3 
8.7 

9.0 

0.4 
9.8 

XO.X 


40 


0.7 

0.9 
X.o 

1.2 

J. 3 

'1 

x.o 
I. 
I J 

3.x 

3.3 

3.4 
.3.5 
3.7 
3.8 

3.0 
3.1 
3.3 

3.6 

3.7 
3.9 
4.0 

4.2 

4-3 

4.6^ 
4.7 
4.9 
5.0 

5.2 
5.3 

5-5 
5.8 

6.x 
6.3 
6-1 
6.5 


i 


6 

6 

7.0 

7.x 

7.3 


8.5" 
8 


1 


XO.O 

X04 


1.0 

3 
4 

6 
8 

3.0 

3 

t 

8 

3.0 

3 


8 


4.0 

3 


i 

8 

S.O 

3 

t 

8 

6.0 

3 

i 

8 

7.0 

3 

4 
6 
8 

8.0 

a 

t 

8 

9.0 

2 


i 

8 


X0.0 
5 

ZX4> 

5 

Z3.0 

5 

13.0 

S 

X4^ 
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Table  41 — Continued 

Distance  Houzomtal    Sum  of  Akeas  Vertical    Quamtitixs  w  Cubic  Yabds 


41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

75 

zoo 

jD'uble 
Areas 

>« 

{     o.£ 

0.8 

0.8 

0.8 

o.g 

0.9 

0.9 

0.9 

0.9 

\i 

z.9 

1.0 

,o.« 

)     0.5 

x.o 

I.O 

)      z.o 

1.0 

1.0 

X.I 

I.I 

z.z 

2.2 

2 

X.] 

X.I 

X.I 

I.I 

x.2 

1.2 

1.2 

1.2 

1.3 

1.3 

Z.9 

2.6 

i 

1.3 

X.2 

1.3 

1.3 

x^ 

1.4 

1.4 

1.4 

1.5 

Z.5 

2.2 

3-0 

I^ 

1.4 

1.4 

1.5 

1.5 

1.5 

1.6 

Z.6 

Z.6 

1.7 

2.5 

3.3 

8 

JS 

X.6 

Z.6 

.'•S 

1.7 

X.7 

1.7 

x.8 

Z.8 

x.8 

3.8 

3.7 

3.0 

X.7 

1.7 

,1.8 

1.8 
^2.0 

1.8 

1.9 

X.9 

2.0 

2.0 

2.0 

3.1 

4.Z 

a 

X.8 

1.9 

'1.9 

2.0 

2.0 

2.x 

2.1 

2.2 

2.2 

3.3 

4:^4 

i 

2.0 

2.0 

2.1 

2.Z 

2.2 

2.2 

2.3 

2.3 

2.4 

2.4 

3.6 

4.8 

2.x 

2.2 

2.2 

2.3 

2.3 

2uJ 

2.4 

2.5 

2.5 

2.6 

3.9 

5.2 

8 

2.3 

2.3 

2.4 

li 

2.5 

a.6 

2.6 

2.7 

a.7 

2.8 

4.2 

5.6 

3.0 

,M 

2.5 

2.6 

H 

2.7 

2.8 

2.9 

2.9 

3.0 

4.4 

5.9 

3 

'a.6 

2.6 

2.7 

2.8 

2S 

2.9 

3.0 

3.0 

3.1 

3.2 

4-7 

6.3 

4 

2.7 

2.8 

2.9 

2.9 

3.0 

3.1 

3-1 

3.2 

3-3 

3-3 

5.0 

6.7 

6 

a.9 

3.0 

3.0 

3.x 

3.2 

3.2 

3.3 

3-* 

3-5 

3>5 

5.3 

7.0 

8 

3.0 

3.1 

3.2 

3.3 

3.3 

3.4 

3.5 

3.6 

H 

3.7 

S.6 

7-* 

4.0 

3.2 

3.3 

3-+ 

3.4 

3.5 

3.6 

3.7 

3-7 

3.8 

3.9 

5.9 

?:S 

2 

3.3 

3.4 

3.5 

3-5 

H 

3.8 

3'S 

3.9 

4.0 

4.x 

6.1 

4 

3.5 

3.6 

H 

3.8 

3.8 

3-9 

4.0 

4.1 

4.2 

4-3 

6.4 

S-s 

6 

3.6 

3.7 

3.8 

3-9 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

6.7 

8.9 

8 

3.8 

3.9 

4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.5 

4.6 

7.0 

9.3 

5.0 

4.0 

4.1 

4.1 

4.2 

4.3 

4.4 

4-5 

^•s 

4-7 

4.8 

7.2 

9.7 

2 

4.1 

4.2 

4.3 

4.4 

4.5 

^•S 

4.7 

4.8 

4.9 

S.O 

7.5 

Z0.0 

4 

4.3 

4-4 

4.5 

4.6 

^i 

4.8 

4.9 

50 

5.1 

5.2 

2* 

ti 

6 

4^ 

4-5 

4.6 

4.7 

4.8 

4.9 

5.0 

5.1 

5.2 

5.4 

8.Z 

8 

4.6 

H 

4.8 

4.9 

5.0 

5.1 

5-2 

5.3 

5.6 

5.6 

H 

z.z 

6.0 

4.7 

4.8 

4.9 

S.O 

5.2 

5-3 

5-4 

5-5 

5-7 

8.6 

^'l 

2 

,    4.9 

5.0 

5-1 

5.2 

5.3 

5.5 

5.6 

5.7 

5.8 

5-9 

8.9 

z.8 

4 

S.O 

S.I 

5.2 

54 

5.5 

5-5 

5.7 

5.9 

6.0 

6.1 

9.2 

2.2 

6 

S.2 

5.3 

5-» 

5.5 

5.7 

5.8 

5.9 

6.0 

6.2 

6.3 

9.5 

2.6 

8 

53 

5.4 

5.6 

5.7 

5.8 

5.9 

6.1 

-    6.2 

S-3 

S-5 

9-7 

3.0 

7.0 

5.5 

5.6 

5.7 

5.8 

6.0 

6.1 

6.3 

6.4 

6.5 

6.7 

zo.o 

3.4 

2 

5.6 

5.7 

5.9 

6.0 

6.2 

6.3 

6.4 

6.6 

6.7 

6.8 

0.3 

3.7 

t 

5.8 

5-9 

6.0 

6.2 

6.3 

6.5 

6.6 

6.7 

6.9 

7.0 

0.6 

4.Z 

5.9 

6.1 

6.2 

6.3 

6.5 

6.6 

6.8 

6.9 

7.1 

7.2 

0.8 

4.4 

8 

6.1 

6.2 

0.4 

6.5 

6.7 

6.8 

7.0 

7.1 

7.2 

7-4 

ZZ.I 

4.8 

t 

8.0 

6.2 

6.3 

6.5 

6.6 

6.8 

7.0 

7.1 

7.3 

7-4 

7.6 

1.4 

5.2 

2 

6.4 

6.5 

6.7 

6.8 

7.0 

7.2 

7.3 

7-5 

7.6 

2-* 

1-7 

5.6 

4 

5-5 

6.7 

6.8 

7.0 

7.2 

7.3 

7.5 

7-7 

11 

8.0 

2.0 

6.0 

6 

6.7 

6.9 

.7.0 

7.2 

7.3 

7.5 

7.7 

7.8 

8.2 

2.2 

6^3 

8 

6.8 

7.0 

7.2 

7.3 

7.5 

H 

li 

8.0 

8.2 

!-3 

Z2.5 

6.6 

9.0 

7.0 

7.2 

,7.3 

7.5 

7.7 

7.8 

8.2 

5-3 

?-s 

2.8 

7.0 

2 

7.1 

7.3 

7-5 

7.7 

7.8 

8.0 

8.2 

8u^ 

?-5 

8.7 

3.1 

7-4 

4 

7.3 

7.5 

7.6 

7.8 

8.0 

8.2 

§•3 

5-5 

8.7 

8.9 

3.3 

7.8 

6 

7.4 

7.6 

:7.8 

8.0 

8.2 

8.4 

• 

8.5 

8.7 

8.9 

9.x 

3.6 

8.2 

8 

7.6 

7.8 

8.0 

8.x 

8.3 

8-5 

8.7 

8.9 

9.Z 

9.3 

Z3.9 

8.5 

lO.O 

8.0 

8.2 

8.4 

8.6 

8.8 

8.9 

9.1 

9.3 

9.5 

9.7 

4.6 

9-5 

5 

§•3 

§•5 

8.7 

8.9 

9.2 

9.4 

9.6 

9.8 

zo.o 

X0.2 

5-3 

20.3 

11.0 

,8.7 

8.9 

9.x 

9.4 

9.6 

9.8 

lO.O 

10.2 

0.4 

0.7 

6.0 

1.3 

5 

9.1 

9.3 

.9-5 

9.8 

X0.0 

10.2 

0.4 

0.7 

0.9 

X.I 

6.7 

2.2 

12.0 

95 

.'9.7 

X0.0 

XO.2 

J0.4 

Z0.6 

10.8 

XI.I 

ZZ.4 

IX.6 

8.0 

83.2 

5 

9.9 

X0.1 

0.4 

0.6 

0.8 

z.x 

^•3 

x.6 

z.8 

2.1 

4.1 

13.0 

'  %0'3 

0.5 

0.8 

X.O 

1.3 

i.S 

1.8 

2.0 

2.3 

2.5 

8.8 

5.0 

5 

0.6 

0.9 

x.2 

1.4 

1.7 

1.9 

2.2 

2.4 

2.7 

3.0 

9.4 

6.0 

Z4^ 

S30 
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Table  41 — Continued 
Distance  Horizontal    Sum  of  Areas  Vertical    QuANrrrtEs  in  Cubic  Yabd6 


2 

3 

4 

s 

6 

7 

8 

0.S 

0.8 

x.x 

1.3 

x.6 

1.9 

2.1 

0.6 

0.8 

X.I 

1.4 

1.7 

2.0 

2.2 

0.6 

0.9 

1.2 

IS 

1.7 

3.0 

2.3 

0.6 

0.9 

1.2 

IS 

1.8 

3.1 

2.4 

0.6 

0.9 

X.2 

IS 

1.8 

3.x 

2.4 

0.6 

0.9 

1-3 

x.6 

1.9 

3.3 

2.5 

0.6 

1.0 

1.3 

1.6 

2.0 

2.3 

3.6 

0.7 

I.O 

1.3 

1.7 

2.0 

2.3 

2.7 

0.7 

1.0 

1.4 

1.7 

3.1 

2.4 

3.7 

0.7 

x.x 

1.4 

1.8 

3.1 

2.S 

2.8 

0.7 

X.I 

1.4 

1.8 

2.3 

2.S 

3.9 

0.7 

x.x 

i-S 

1.9 

3.2 

3.6 

3.0 

0.8 

X.2 

1.6 

2.0 

2.3 

3.7 

3.1 

0.8 

X.2 

1.6 

3.0 

3.4 

2.8 

3.3 

0.9 

1.3 

1.7; 

3.1 

3.6 

3.0 

3.4 

0.9 

1.3 

1.8 

2.2 

3.7 

3.1 

3.6 

0.9 

1.4 

1.9 

2.3 

3.8 

3.2 

3.7 

I.O 

1.4 

1.9 

2.4 

2.9 

3.4 

3.9 

I.O 

1.5 

2.0 

^•s 

30 

35 

4.0 

1.0 

X.6 

2.1 

2.6 

3.1 

3.6 

4.2 

I.X 

1.6 

2.1 

2.7 

3-2 

3.8 

4.3 

I.I 

1.7 

2.2 

2.8 

3-3 

3.9 

4.4 

1.2 

1.7 

2.3 

3.9 

3-4 

4.0 

4.6 

1.2 

1.8 

2.4 

30 

3-6 

4.2 

4.7 

1.2 

1.8 

2.4 

3.0 

3.7 

4-3 

4.9 

1.3 

1.9 

2.5 

3.1 

3.8 

4.4 

5.0 

1.3 

X.9 

2.6 

3.2 

3.9 

4-5 

s-2 

^•3 

2.0 

2.7 

3.3 

4.0 

4.7 

5-3 

1.4 

2.x 

2.7 

3-4 

4.x 

4.8 

5.5 

1.4 

2.1 

2.8 

35 

4.2 

4.9 

5.6 

1.4 

2.2 

2.9 

3.6 

4.3 

S.O 

5.8 

r-S 

2.2 

30 

H 

4.4 

S.2 

|-^ 

i.S 

2.3 

3.0 

3.8 

45 

5.3 

6.1 

1.6 

2-3 

3.1 

3.9 

4.7 

S.4 

6.2 

1.6 

2.4 

3.2 

4.0 

4.8 

5.6 

6.4 

1.6 

2.4 

3-3 

4.1 

4.9 

H 

6.5 

1.7 

2.S 

3.3 

4.2 

S-o 

5.8 

6.7 

1.7 

2.6 

3.4 

4.3 

S-i 

6.0 

6.8 

1.7 

2.6 

3-5 

4.3 

S-2 

6.x 

7.0 

1.8 

2.7 

3.6 

4.4 

5.3 

6.2 

7.1 

1.8 

2.7 

3.6 

4-5 

S.4 

6.4 

7.3 

1.8 

2.8 

3-7 

4.6 

S-S 

5-5 

7-4 

1.9. 

2.9 

3-9 

4.8 

5.8 

6.7 

7-7 

2.0 

3.0 

4.0 

SO 

6.0 

7.0 

8.0 

2.1 

3.1 

4.1 

S.2 

6.2 

7.3 

8.3 

2.2 

3.2 

4-3 

5-4 

6.4 

H 

8.6 

2.2 

3.3 

4.i 

S-S 

6.7 

7.8 

8.9 

2-3 

3.4 

4.6 

5-7 

6.9 

8.0 

9.2 

2.4 

3.6 

4.7 

59 

7.1 

8.3 

9-5 

2.4 

3.7 

4.9 

6.x 

7.3 

8.6 

9.8 

^•5 

38 

5.0 

5-3 

7-5 

8.8 

xo.x 

3.6 

3.9 

5.2 

5-5 

li 

9.1 

X0.4 

a.7 

4.0 

5-3 

6.7 

9.3 

10.7 

a.7 

4.1 

S'S 

6.9 

8.2 

9.6 

X0.9 

2.4 

2.5 

2.6 

2.7 
2.7 

3.8 

2.9 
3.0 
3.1 
3.2 

3.2 

3-3 
3.5 
3.7 
3.8 

4.0 
4.2 
4-3 
4.5 
4.7 

4.8 

5.0 
5.2 
5-3 
5.5 

H 
5.8 

6.0 
6.2 
6.3 

6.5 
6.7 
6.8 
7.0 
7.2 

7.3 
7.5 
7.7 
7.8 
8.0 

8.2 
8.3 
8.7 
9.0 

9.3 

9.7 
10.0 

0.3 
0.7 

I.O 

11.4 

1.7 
2.0 

2.3 


10 

II 

12 

2.7 

3.0 

3.2 

3.8 

3-1 

3.3 

a.9 

3.2 

3.4 

3.0 

3.3 

3.6 

3.1 

3^ 

3.7 

3.1 

3-5 

3.8 

3.2 

3.6 

3.9 

3.3 

H 

4.0 

3.4 

3.8 

4.1 

35 

3.9 

4.2 

3.6 

4.0 

4.3 

3.7 

4.1 

4.4 

3-9 

4.3 

4-7 

4.1 

4.5 

4.9 

4-3 

4.7 

S-i 

4.4 

4.9 

S.3 

4-5 

S-i 

5-5 

4.8 

5.3 

|.8 

S.O 

5-5 

6.0 

5.2 

5-7 

6.3 

5-4 

59 

6.4 

5.5 

6.1 

6.7 

S-7 

5-3 

6.9 

6.0 

6.5 

7.1 

6.x 

6.7 

7.3 

6.3 

6.9 

7-s 

6.5 

7-1 

7.8 

6.7 

7^ 

8.0 

6.9 

7.5 

8.2 

7.0 

7-7 

U 

7.3 

7.9 

8.7 

7.4 

8.1 

8.9 

7-S 

8.3 

9.1 

7.8 

si 

9.3 

8.0 

9.6 

8.3 

9.0 

9.8 

8.3 

9.2 

lO.O 

8.5 

9-4 

0.2 

8.7 

9.6 

0.5 

8.9 

9.8 

0.7 

9.x 

lo.o 

10.9 

9.3 

0.2 

X.I 

9.6 

0.6 

1.6 

lO.O 

I.O 

2.0 

0.4 

1.4 

2.5 

10.7 

II.8 

12.9 

I.I 

2.2 

3.3 

15 

3.6 

3.8 

1.9 

3.0 

4.2 

3.3 

3.4 

4.7 

13.6 

13.8 

xs.i 

3.0 

4.3 

1:1 

3.4 

4.7 

3.7 

5.1 

6.5 

13 


3.5 

3.6 

3.7 

3.8 

4.0 

4.1 
4.2 
4.3 
4.4 

4.6 

4.7 
4.8 

5.1 

5-3 
5-5 

5.8 
6.0 

6.5 
6.7 

7.0 
7.2 

7.5 
7.7 
8.0 

8.2 

8.4 

8.7 
8.9 
9.3 

9.4 

9.7 
9.9 

lO.X 

10.4 

10.6 
0.9 

X.I 

1.3 

Z.6 

11.8 
3.1 

2.5 
3.0 

3-5 

139 
4.4 

4-9 
54 
5.9 

16.4 
6.8 

?:i 


14 


D'uble 
Areas 


12.7. 


14.S 
15.0 

xo.o 
S 

Z7.0 

5 
x8.o 

S 
19.0 

5 
30.0 

z 
a 
3 

4 
35.0 

6 

7 
8 

9 
30.0 

I 
a 
3 

4 
35.0 


'I 

7 
8 


9 

40.0 

z 
a 
3 

4 

4S.O 

6 

7 
8 

9 
50.0 

a 


i 


8 
60.0 

a 


i 


8 
70JO 

a 
4 


EARTHWORK 
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Table  41— Continued 
Distance  Horizontal    Suic  of  Areas  Vertical    Quantities  in  Cubic  Tabss 


IS 

z6 

17 

x8 

19 

20 

3X 

32 

23 

24 

25 

36 

27 

P'uble 
Areas 

4.0 

4.3 

4.6 

4.8 

S-i 

S.4 

5-S 

59 

6.2 

6.5 

S-7 

6.9 

7.3 

14-S 

4.2 

4.4 

4.7 

5-0 

5-3 

5.6 

1-^ 

6.i 

ti 

S'' 

6.9 

7.2 

l^ 

15.0 

4*3 

4.6 

4.9 

5-2 

S'S 

5.7 

6.0 

6.3 

6.9 

7.2 

7.5 

S 

4-5 

4.7 

S.o 

5.3 

5-5 

5.9 

6.2 

6.5 

6.8 

7.1 

7.4 

7-7 

8.0 

x6.o 

4.6 

4.9 

5.2 

5.5 

5.8 

6.Z 

6.4 

6.7 

7.0 

7-3 

7.7 

8.0 

8.3 

5 

4.7 

S.I 

5.3 

n 

6.0 

$•3 

6.6 

6.9 

7.2 

7.6 

t'^ 

8.2 

!-f 

X7.0 

4-9 

5.2 

S'S 

6.2 

$•5 

6.8 

7.1 

7.5 

l-^ 

8.1 

8.4 

8.8 

„5 

5.0 

it 

5-7 

6.0 

6.3 

6.7 

7.0 

7.4 

7.7 

8.0 

it 

8.7 

9.0 

x8.o 

5-1 

5.8 

6.2 

6.5 

6.8 

7.2 

75 

Z-9 

8.3 

8.9 

9.3 

5 

5-3 

5.6 

6.0 

6.3 

6.7 

7.0 

7.4 

7.7 

8.1 

8.5 

8.8 

9.2 

95 

X9.0 

5.4 

5.8 

6.x 

6.5 

6.8 

7.2 

^•S 

Z-9 

S-3 

8.7 

9.0 

9.4 

9.8 

5 

5.6 

5-9 

6.3 

6.7 

7.0 

7-4 

l-^ 

8.2 

8.5 

8.9 

9.3 

9.7 

X0.0 

30.0 

S.8 

6.2 

6.6 

7.0 

7.4 

7.8 

8.2 

8.6 

9.0 

H 

9.7 

XO.I 

o.s 

z 

6.1 

6.5 

6.9 

7.3 

7.7 

8.Z 

8.6 

9.0 

9.4 

9.8 

X0.3 

0.6 

x.o 

3 

6.4 

6.8 

7.2 

7-7 

8.1 

8.5 

8.9 

9.4 

9.8 

X0.3 

0.6 

X.I 

i.S 

3 

6.7 

7.1 

7.5 

8.0 

ii 

8.9 

9.3 

9.8 

X0.2 

10.7 

xz.x 

XX.6 

X3.0 

4 

7.0 

7.4 

7.9 

8.3 

8.8 

9.3 

9.7 

X0.2 

0.7 

X.I 

1.6 

3.1 

2.5 

35.0 

7.2 

7-7 

8.2 

8.7 

9.1 

9.6 

XO.I 

0.6 

X.I 

T.6 

2.0 

2.5 

3-0 

6 

7.5 

8.0 

8.5 

9.0 

9.5 

xo.o 

0.5 

x.o 

1.5 

3.0 

2.5 

3.0 

35 

7 

7.8 

8.3 

8.8 

9.3 

9.8 

0.4 

0.9 

14 

1.9 

3.4 

3.0 

3-5 

4.0 

8 

8.1 

8.6 

9.1 

9.7 

X0.2 

X0.7 

XX.3 

X1.8 

X2.4 

X3.9 

13.4 

13-9 

145 

9 

8.3 

8.9 

9-5 

xo.o 

0.5 

X.X 

1.7 

3.2 

2.8 

3.3 

3.9 

4.5 

5.0 

30.0 

8.6 

9.2 

9.8 

0.3 

0.9 

IS 

2.1 

3.6 

3.2 

3.8 

4.3 

4.9 

55 

X 

8.9 

9.5 

xo.z 

0.7 

1.3 

1.9 

2.5 

3-0 

3.6 

4.2 

4.8 

5.4 

6.0 

3 

9.2 

9.8 

0.4 

x.o 

X.6 

3.2 

3.9 

3.5 

4.1 

4.7 

5-3 

5.9 

6.5 

3 

9-5 

XO.I 

X0.7 

XX.3 

X2.0 

X2.6 

13.3 

13.9 

14-5 

iS.i 

*|-7 

X6.4 

17.0 

4 

9-7 

0.3 

x.o 

1.7 

2.3 

2.9 

3.6 

4.3 

4.9 

|S 

6.2 

6.9 

7.5 

35.0 

xo.o 

0.7 

1.3 

2.0 

2.7 

3.3 

4.0 

4-7 

H 

6.0 

6.7 

7.3 

8.0 

6 

0.3 

0.9 

1.7 

2.3 

3.0 

3.7 

4.4 

5.1 

s.8 

$•5 

H 

t^ 

8.5 

I 

0.6 

1.3 

3.0 

3.7 

3.4 

4.1 

4.8 

5.5 

6.2 

6.9 

7.6 

8.3 

9.0 

10.8 

XX.6 

X2.3 

X3.0 

13.7 

I4.S 

XS.2 

159 

x6.6 

17.3 

18.X 

18.8 

19.5 

9 

X.2 

X.8 

2.6 

3-3 

4.1 

4.8 

5.6 

6.3 

7.1 

7.8 

8.5 

9.3 

30.0 

40.0 

1-4 

2.1 

2.9 

3.7 

4.4 

5.2 

6.0 

6.7 

7.5 

8.1 

9.0 

9.7 

0.5 

z 

1.7 

2.4 

3-2 

4.0 

4.8 

5-5 

6.3 

7.1 

l'^ 

8.7 

9.4 

30.3 

x.o 

a 

3.0 

2.7 

3-5 

4.3 

5-1 

5.9 

6.7 

7.5 

8.3 

9.1 

9.9 

0.7 

I.S 

3 

X2.2 

X3.X 

13.9 

14.7 

ISS 

x6.3 

i7.t 

17.9 

18.7 

X9.6 

aa4 

31.3 

33.0 

4 

2.5 

3.3 

4.2 

S.O 

5.9 

6.7 

7.5 

8.3 

9.2 

30.0 

0.8 

1.7 

2.5 

4S.O 

2.9 

3.6 

4-5 

5.3 

6.2 

7.1 

t^ 

8.7 

9.6 

0.4 

1.3 

3.2 

3.0 

6 

3-1 

3.9 

4.9 

5-7 

6.5 

7-4 

S-3 

9.1 

30.  X 

0.9 

1.7 

2.6 

3.5 

7 

3-4 

4-2 

S.I 

6.0 

6.9 

7.8 

8.7 

9.6 

0.4 

1-3 

3.2 

3-2 

4.0 

8 

13.6 

14.5 

15.4 

16.3 

X7.2 

18.1 

X9.X 

30.0 

30.8 

3X.8 

33.7 

33.6 

245 

9 

3.9 

4.8 

S.7 

6.7 

7.6 

8.S 

9-5 

0.4 

1.3 

2.3 

3.2 

4-1 

S.0 

50.0 

4.4 

5-4 

6.4 

7.4 

8.3 

9.3 

30.2 

1.2 

3.3 

3.2 

4.1 

S.I 

6.0 

3 

5.0 

6.0 

7.0 

8.0 

9.0 

20.0 

x.o 

3.0 

3-° 

4.0 

5.0 

6.0 

1% 

4 

5.6 

6.6 

7.6 

8.7 

9.7 

0.8 

x.8 

3.8 

3.8 

4.8 

5-9 

6.9 

6 

16.1 

17.2 

18.3 

19.4 

30.4 

21.5 

33.5 

23.6 

24.7 

25.7 

36.8 

37.8 

39.0 

8 

6.7 

8.4 

8.9 

2ao 

x.z 

2.2 

3-4 

4^ 

§-^ 

6.6 

7.7 

8.8 

30.0 

60.0 

7.2 

9.5 

0.7 

x.8 

2.9 

4-2 

i* 

6.4 

7.6 

8.7 

«•§ 

X.0 

3 

7.8 

8.9 

20.2 

1.4 

2.5 

3.7 

4-9 

6.0 

7.3 

8.4 

9.6 

30.8 

3.0 

4 

84 

9.5 

0.8 

a.o 

3.2 

4.4 

S.7 

6.8 

8.x 

9.3 

30.6 

1.7 

3.0 

6 

18.9 

30.  X 

21.4 

32.6 

23-9 

25.2 

26.4 

27.7 

39.0 

30.2 

31.S 

32.7 

34-0 

8 

9.4 

0.7 

2.0 

3.4 

4.6 

5-9 

7.2 

8.5 

9.8 

X.I 

2.4 

H 

1'' 

70.0 

20.0 

1.4 

2.6 

4.0 

5.4 

6.7 

8.0 

9.4 

30.7 

3.0 

3.4 

4-6 

6.0 

3 

q6 

x.8 

3.3 

4.7 

6.0 

7«4 

8.8 

30.2 

1.5 

3.9 

4.3 

5.7 

7.0 

4 
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28 

29 

30 

3X 

32 

33 

34 

35 

36 

37 

38 

39 

40 

p'uble 
Areas 

7-S 

7.8 

8.x 

8.3 

8.6 

8.8 

9.1 

9.4 

9.7 

9.9 

)    xo.a 

10.5 

10.; 

r     14-5 

7.8 

8.0 

8.3 

8.6 

8.g 

9.2 

9-5 

9.7 

lO.C 

>    10.3 

o.(i 

)     o.g 

\      1.1 

:      15.0 

8.0 

8.3 

8.6 

8.9 

9.2 

9.S 

9.8 

lO.O 

0.3 

0.6 

O.Q 

1.2 

1-5 

;       5 

§•3 

8.6 

8.9 

9.2 

H 

9.8 

X0.1 

0.3 

0.7 

I.G 

.     1.3 

2.6 

>     z.gj     z6.o 

8.S 

8.9 

9.2 

9.5 

9.8 

10.1 

0.4 

0.7 

1.0 

1.3 

1.6 

I.S 

9.3 

' 

8;8 

9.1 

9^ 

9.8 

10.1 

10.4 

10.7 

11.0 

II.3 

11.7 

xx.g 

Z2.3 

ia.6|    17.0 

9.1 

9^ 

9.7 

lO.I 

0.4 

0.7 

1.0 

1.3 

1-7 

2.0 

2.3 

2.6|     3.C 

^5 

9.3 

9.7 

10.0 

0^ 

0.7 

I.O 

1.3 

1.7 

2.0 

2.3 

2.7 

3.0 

3.3 

18.0 

9.6 

9.9 

0.3 

0.6 

1.0 

1.3 

1-7 

2.0 

2.3 

2.7 

3.0 

3.3 

•3.7 

5 

9.8 

xa2 

O.S 

a9 

1.3 

1.6 

1.9 

2.3 

2.7 

3.0 

3.3 

3.7 

4.1 

Z9.0 

10. 1 

lo-S 

X0.8 

IX.2 

11.6 

11.9 

12.3 

12.6 

13.0 

13.3 

13.7 

14.1 

I4w* 

5 

0^ 

0.7 

I.X 

IS 

1.9 

2.2 

2.6 

2.9 

3.3 

3.7 

^•2 

4-5 

4.8 

20.0 

0.9 

1.3 

1.7 

2.1 

i'S 

2.8 

3.2 

3.6 

4.0 

4.4 

4.8 

5.2 

5.5 

X 

1.4 

Z.8 

2.2 

2.6 

3.1 

3.4 

3-9 

4.2 

4-7 

S.I 

2:5 

1? 

6.3 

9 

1.9 

2^     2.8 

3.2 

3.6 

4.x 

4-5 

4.9 

5.3 

5-7 

6.6 

7.1 

3 

la.s 

Z2.9    13.3 

13.8 

^^•f 

14.7 

15.1 

15.S 

16.0 

i6j^ 

16.9 

17.3 

17.8 

4 

2.9 

3.4 

3.9 

4A 

4.8 

5.3 

S.7 

6.2 

.    6.7 

7-1 

7.6 

8.x 

8.5 

25.0 

3.5 

3.9 

4~* 

4.9 

1*4 

S.9 

6.4 

6.8 

t^ 

l^ 

8.3 

8.8 

9.3 

6 

4.0 

4-S 

S.O 

5-5 

6.0 

6.S 

7.0 

7-5 

8.0 

8.5 

9.0 

9.5 

20.0 

7 

4-5 

S.I 

5.5 

6.1 

6.6 

7.1 

7.6 

8.1 

8.7 

9-2 

9.7 

20.2 

0.7 

8 

IS.I 

is.s 

x6.i 

16.6 

17.2 

17.7 

18.3 

x8.8 

19.3 

19.9 

30w( 

30.9 

21.5 

9 

S-5 

6.1 

6.7 

7-2 

7.8 

!-3 

8.9 

9.4 

9.9 

20.6 

1.2 

1.7 

9.2 

30.0 

6.1 

6.6 

7.2 

2* 

8.4 

8.9 

9.5 

20.1 

20.7 

1.2 

1.8 

2.4 

2.9 

I 

6.6 

7.2 

^7 

8.3 

8.9 

9.6 

20.2 

0.6 

1.3 

1.0 

2.5 

3-2 

3-7 

9 

7.1 

7.7 

8.3 

8.9 

9.5 

20b2 

0.7 

1.4 

1.9 

2.6 

3.2 

3.8 

4.4 

3 

17.6 

18.3 

Z8.9 

19.5 

20.2 

20.8 

21.4 

22.0 

22.7 

23.3 

93.8 

24.6 

25.2 

4 

8.1 

8.7 

9.5 

20.1 

0.7 

1.3 

2.1 

2.7 

3.3 

3.9 

4.7 

5-3 

5.9 

35.0 

8.7 

9.3 

20.0 

0.7 

1.3 

1.9 

2.7 

3.3 

3.9 

4.6 

5.3 

6.0 

6.7 

6 

9.2 

9.9 

0.6 

X.2 

1.9 

2.6 

3.2 

3.9 

4.6 

5.3 

6.0 

6.7 

l^ 

1 

9.7 

20.4 

I.I 

I^ 

2.5 

3.2 

3.9 

4.6 

5.3 

6.0 

6.7 

1A 

8.1 

20.2 

20.9 

3Z.7 

22.3 

23.3 

23.8 

24.6 

25.3 

25.9 

26.7 

37.4 

28.2 

28.9 

9 

0.7 

1.4 

2.2 

2.9 

3-7 

4.4 

5.2 

5.9 

6.6 

2"» 

8.1 

8.8 

9.6 

4ao 

1.3 

1.9 

2.8 

3.6 

H 

S.I 

5.7 

6.5 

7.3 

8.1 

8.8 

9.6 

30.4 

z 

1.8 

2.6 

3.3 

4.2 

4.8 

5.6 

6.4 

7.2 

l:§ 

8.7 

9.6 

30.3 

X.0 

9 

2.3 

3.1 

3.8 

4.7 

5-» 

6.2 

7.1 

7.8 

9.4 

30.2 

x.x 

1.8 

3 

22.8 

23.6 

24.4 

25.2 

26.1 

36.8 

97.7 

38.4 

29.3 

30.2 

30.9 

31.7 

32.6 

4 

3.3 

4.2 

S.O 

5.8 

6.6 

7.5 

8.4 

*2 

9.9 

a8 

1.7 

2.5 

3.4 

4S.O 

3.8 

4.7 

1-^ 

6.4 

7.2 

8.1 

8.9 

9.8 

30.6 

i.S 

2.4 

3.2 

4-1 

6 

4.3 

S.2 

6.1 

6.9 

7.8 

8.7 

9.6 

30.4 

1.3 

2.2 

3.0 

3.9 

4.8 

7 

4.8 

5.7 

6.7 

7.6 

BJ^ 

9.3 

30.2 

Z.I 

2.0 

2.8 

3.7 

4.7 

5.5 

8 

25.4 

26.3 

27.2 

28.2 

39.0 

99.9 

30.8 

31.7 

32.6 

33.6 

34.5 

35.4 

36.3 

9 

5*9 

6.8 

7.8 

9i8 

9.6 

30.S 

1.4 

2.4 

3.4 

4.2 

5.2 

6.2 

7.1 

50.0 

6.9 

l-^ 

8.8 

30.8 

1.7 

2.7 

3.7 

4.6 

5.6 

6.6 

7.5 

8.5 

9 

7.9 

8.9 

9.9 

30.9 

2.0 

3.0 

4.0 

5.0 

5.9 

6.9 

8.0 

9.0 

4aQ 

t 

9.0 

30.1 

31.x 

2.1 

3.2 

4.2 

5.2 

6.2 

7.3 

8.3 

9.4 

40.4 

1.5 

30.1 

3Z.1 

32.2 

33.2 

34.4 

S.6 

35.4 

36.5 

37.5 

38.6 

39.6 

40.8 

4X.8 

42.9 

8 

x.x 

2.2 

3-3 

4.4 

6.6 

7.7 

8.9 

40.0 

41.1 

2.2 

H 

4<4] 

60.0 

2.Z 

3.2 

4A 

5.6 

6.7 

7.8 

9.0 

40.1 

1.3 

2.4 

3.6 

7.6 

S.Q 

9 

3.2 
4-2 

4.4 

U 

6.6 
7.8 

7.8 
9.x 

9.1 

40.2 

40.2 
1.5 

1.4 
2.7 

2.6 
3-9 

3.8 
5.2 

1:: 

U 

i 

35.2 

1i 

H'l 

39.0 

40.2 

41.5 

42.8 

44.0 

45.2 

46.S 

47-8 

49-0 

^ 

8 

6.3 

8.8 

40.x 

1.4 

2.8 

4.0 

1-4 

6.6 

8.0 

9.2 

50.S 

7ao 

l'^ 

8.7 

9.9 

1.3 

2.6 

4.0 

5.3 

6.6 

8.0 

9.2 

50.6 

9.0 

3.3I 

9 

U 

9.7 

41.1 

2.5 

3.8 

5.2 

6.6 

7.9 

9.4 

50.7 

2.1 

3.4 

4.8| 

4 
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41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

75 

100 

D'uble 
Areas 

IZ.O 

11.3 

XX.5 

ZZ.8 

X2.Z 

'\i 

X2.6 

X2.9 

X3.1 

13-4 

20.2 

36.8 

_ 

145 

1.4 

1.7 

1.9 

2.2 

2.5 

3.0 

3.3 

3.6 

3.9 

0.8 

7.8 

— 

X5.0 

1.8 

2.x 

2.3 

2.6 

2.9 

3.2 

3.5 

3.8 

4.1 

4.4 

1.5 

8.7 

— 

5 

2.1 

?i 

2.7 

3.0 

3.3 

3.6 

3.9 

4.2 

4.5 

4.8 

2.2 

9.6 

— 

x6.o 

2.5 

3.1 

3-4 

3-7 

4.x 

4.3 

4.7 

4.9 

5^ 

2.8 

30.5 

— 

5 

Z3.9 

13-2 

13-S 

13.8 

14.2 

X4.5 

14.8 

15.1 

15.4 

1S.7 

33.6 

31-4 

.^ 

X7.0 

3.3 

3.6 

3.9 

4-3 

4.6 

4.9 

5.2 

5.5 

5.9 

6.2 

4.3 

2.4 

— 

5 

3.7 

4.0 

4.3 

4.7 

5.0 

5.3 

5.7 

6.0 

6.3 

6.7 

4.9 

3.3 

— 

x8.o 

4.1 

4.4 

4.7 

5.1 

H 

5.7 

6.x 

6.4 

6.7 

7-5 

5-7 

4.2 

— 

5 

4.4 

4.7 

S.I 

5.5 

5.8 

6.1 

6.5 

6.9 

7.2 

7.6 

6.4 

5.2 

— 

19.0 

-X4.8 

1S.I 

15.5 

15.9 

16.3 

16.6 

16.9 

17.3 

17.7 

18.X 

37.1 

36.x 

— 

5 

S.2 

S'S 

5-9 

6.3 

6.7 

7-x 

11 

V 

8.x 

•8.5 

7.8 

7.0 

— 

20.0 

5.9 

6.3 

6.7 

7.1 

Z-5 

2-9 

8.7 

9.0 

9.5 

9-2 

8.8 

— 

I 

6.7 

7.1 

7.5 

J:? 

8.3 

8.7 

9.1 

9.5 

9.9 

30w( 

30.6 

40.7 

— 

2 

7.S 

7.9 

8.3 

9.1 

9.6 

20dO 

30.4 

20.8 

X.3 

1.9 

3.6 

3 

X8.2 

x8.6 

Z9.1 

19.5 

20.0 

20.4 

20.8 

2X.3 

3X.8 

32.2 

33.2 

44.4 

— 

4 

9.0 

95 

9.9 

20.3 

0.8 

x-3 

1.7 

3.2 

2.7 

3.2 

t\ 

6.2 

— 

25.0 

9.7 

20.2 

20.7 

X.2 

1.7 

2.2 

2.6 

3.x 

3.6 

4.x 

8.2 

— 

6 

20.5 

X.O 

1.5 

2.0 

2.5 

^•2 

3-5 

4.0 

4.5 

5.0 

7.5 

50.0 

— 

7 

1.3 

X.8 

2^ 

2.8 

3.3 

3.8 

4.4 

4.8 

5.4 

5.9 

8.8 

x.8 

— 

8 

22.0 

22.6 

23.1 

23.7 

24.2 

24.7 

25.2 

25.8 

26.3 

36.8 

40.3 

S3.7 

_— 

9 

2.8 

3.3 

3.8 

4.4 

5-2 

5.5 

6.1 

6.7 

7.2 

7.8 

1.6 

5.5 

— 

30.0 

3-5 

4.1 

4.7 

5.2 

5.8 

6.4 

6.9 

l'^ 

8.x 

8.7 

3.2 

7.3 

— 

X 

4-3 

4.8 

5.4 

6.1 

6.6 

l'^ 

l'^ 

8.4 

9.x 

9.6 

4.4 

9.2 

— 

3 

S-O 

5-7 

6.3 

6.8 

7.5 

8.x 

8.7 

9-3 

9.9 

30.6 

5.8 

6x.o 

— 

3 

25.7 

26.4 

27.0 

27.7 

28^ 

38.9 

39.6 

30.2 

30.8 

31.4 

4Z-^ 

62.9 

— . 

4 

6.6 

7.2 

7.8 

8.5 

9.2 

9.8 

30.4 

I.X 

H 

2.4 

8.6 

t^ 

— 

35.0 

7.3 

8.0 

8.6 

9.3 

30.0 

30.6 

1.3 

2.0 

2.6 

3.3 

9.9 

— 

6 

8.x 

8.8 

9.4 

30.x 

0.8 

1.5 

2.2 

2.8 

3.6 

4.3 

51.4 

8.5 

— 

7 

8.8 

9.6 

30.3 

XjO 

1.6 

2.4 

3.1 

3.7 

4.5 

5.2 

2.8 

70.4 

— 

8 

29.6 

30w^ 

31.0 

31.7 

3  2.5 

33.2 

33.8 

34.6 

35.4 

36.x 

S4.I 

72.x 

9 

30.4 

1.2 

1.8 

2.6 

3.3 

.4.0 

4.8 

5.6 

6.3 

7.0 

5.5 

4.0 

40.0 

Z.2 

1.8 

2.6 

Z-A 

4.2 

4.8 

5.6 

6.4 

7.2 

8.0 

6.9 

5.8 

— 

X 

Z.8 

2.7 

■    3.4 

4.2 

5-2 

5.8 

6.6 

2-3 

8.2 

8.9 

8.3 

7.8 

— 

2 

2.6 

3.4 

4.2 

S.O 

5.8 

6.6 

7.4 

8.2 

9.0 

9.8 

9.6 

9.6 

— 

3 

33.4 

34.2 

35-0 

35.8 

36.7 

37.4 

38.3 

39-2 

39.9 

40.8 

6x.x 

8X.5 

4 

4.2 

4.9 

!•? 

6.7 

2-4 

8.3 

9.2 

9.9 

40.7 

Z.6 

^•4 

3.4 

— 

45.0 

4.8 

H 

6.6 

2-* 

8.3 

9.x 

40.0 

40.9 

1.7 

2.6 

3.8 

5.1 

— 

6 

5-7 

6.6 

l-^ 

8.3 

9.2 

40.0 

0.9 

x.8 

2.7 

3.5 

5.3 

7.0 

— 

7 

6.4 

7.3 

8.2 

9.2 

40.0 

0.8 

1.7 

3.6 

3.5 

4.4 

6.7 

8.9 

— 

8 

37-2 

^I'l 

39.0 

39.9 

40.8 

41.7 

42.6 

43.5 

44.4 

45.3 

68.1 

90.6 

— 

9 

7.9 

8.8 

9.8 

40.7 

X.6 

2.6 

3.5 

tx 

5.3 

6.4 

9-3 

2.6 

— 

50.0 

95 

40.4 

41.3 

2.3 

3.3 

4.2 

5.2 

7.2 

8.2 

72.2 

6.3 

— 

2 

4Z.0 

2.0 

3.0 

4.0 

5.0 

6.0 

7.0 

8.0 

9.0 

50.0 

5.0 

xoo.o 

•— 

4 

2.S 

3.5 

4.6 

5.6 

6.6 

7.7 

8.7 

9.8 

50.8 

x.8 

7.8 

03.6 

— 

6 

44.1 

45.2 

46.2 

47.3 

48.4 

49.4 

50.5 

51.5 

52.6 

53.7 

80.5 

107.3 

— 

8 

5.6 

S-7 

7.8 

8.9 

50.0 

s'-S 

2.2 

3-3 

J1 

5-5 

3A 

II.O 

— 

60.0 

7-1 

8.2 

9.4 

S0.5 

x.6 

2.8 

4.0 

S.x 

7.4 

6.1 

14.8 

— 

2 

8.6 

9.7 

S0.9 

2.x 

3-3 

t\ 

5-7 

6.9 

8.x 

9.3 

8.9 

x8.6 

4 

50.2 

51.3 

2.5 

3.7 

5.0 

7-4 

8.6 

9.9 

6x.x 

91.7 

22.x 

— 

6 

St.6 

52.8 

54.x 

55-4 

56.7 

58.0 

59.2 

60.4 

6X.7 

63.0 

94.5 

125.9 

8 

3.1 

4.4 

5-7 

7.0 

8.3 

9.6 

60.9 

2.2 

3.5 

i-? 

7.2 

29.S    -  1 

70.0 

4.7 

6.0 

7.3 

8.6 

60.0 

61.3 

2.6 

4.0 

5.4 

6.6 

lOO.O 

33.2 

- 

2 

6.3 

7.6 

8.9 

60.3 

1.7 

3-1 

4.4 

5.8 

7.2 

8.6 

02.0 

37.1 

-I|  M 
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Table  41 — Continued 
Distance  Horizontai.    Sum  or  Areas  Vertical    Quantities  in  Cubic  Yards 


2 

3 

4 

5 

6 

7 

8 

9 

10 

IX 

12 

13 
18.3 

14 

D'uble 
Areas 

3.8 

4.2 

5'S 

7.0 

8.5 

9.9 

11.3 

12.7 

14.I 

15.5 

16.9 

19.7 

76.0 

2.9 

4.3 

S.8 

7.2 

8.7 

lO.I 

1.6 

3.0 

4-5 

5-9 

7.4 

8.8 

20.2 

8 

3.0 

4.4 

59 

7.4 

8.9 

0.4 

1.9 

3-3 

4.9 

5-3 

l'^ 

9.3 

0.8 

80.0 

30 

4.6 

6.1 

7-S 

9.1 

0.7 

3.2 

3.7 

5.2 

6.7 

8.2 

9.8 

1.3 

2 

3.1 

4-7 

6.2 

7.8 

9.3 

0.9 

2.5 

4.0 

5.6 

7.1 

8.7 

30.2 

1.7 

4 

3-2 

4.8 

6.4 

8.0 

9.6 

11.2 

12.7 

14.3 

159 

17.S 

19. 1 

20.7 

32.3 

6 

3.3 

4.9 

^5 

8.x 

9.8 

1.4 

3.1 

4.7 

S-3 

2-9 

95 

1.2 

a.8 

44 

8 

3.3 

S.o 

6.7 

8.3 

lO.O 

1.7 

3-3 

5.0 

6.7 

?-3 

20.0 

1.7 

90.0 

3.4 

S.I 

6.8 

?-5 

0.2 

1.9 

3.6 

5-4 

7.1 

8.7 

ti 

3.1 

3 

35 

5-2 

7.0 

8.7 

0.5 

2.2 

3.9 

5-7 

7.4 

9.2 

3.6 

4 

35 

5-3 

7.1 

8.9 

10.7 

12.S 

14.2 

16.0 

17.8 

19.S 

31.3 

33.1 

34.9 

6 

3.6 

5-4 

7-3 

9.1 

0.9 

2.7 

H 

6.4 

8.2 

9.9 

1.8 

3.6 

s-^ 

8 

3.7 

s-S 

'•^ 

.9.3 

I.I 

3.0 

4.8 

6.7 

8.5 

20.4 

2.2 

4.1 

4 

100.0 

3.9 

S.8 

7.8 

9-7 

1.7 

3.6 

5.5 

2-5 

95 

1.4 

3-3 

5-3 

05 

4.1 

6.1 

8.1 

X0.2 

2.2 

4.3 

6.3 

8.4 

20.4 

24 

44 

6.5 

8.6 

XO 

-4-3 

6.4 

f-s 

10.7 

12.8 

14.9 

17.0 

19. 1 

21.3 

23.4 

25.S 

37.7 

39.a 

15 

4.4 

6.7 

8.9 

I.I 

3.3 

S'S 

l^ 

20.0 

2.3 

4.4 

6.6 

8.8 

31.2, 

30 

4.6 

6.9 

9.2 

1.6 

3.9 

6.2 

8.5 

0.8 

3.2 

54 

7.7 

30.2 

'4 

135.0 

4.8 

7.2 

9.6 

2.1 

4.5 

6.9 

9-3 

1.7 

4.1 

6.5 

8.8 

1.4 

3.7 

30 

S.o 

7.5 

ICO 

2.S 

S-o 

7-5 

20.0 

2.5 

5.0 

7.5 

9.9 

3.5 

5.0 

35 

S.2 

7.8 

10.4 

X2.9 

155 

X8.2 

20.8 

23.4 

'l-i 

28.5 

31.1 

33.7 

36.4 

40 

54 

8.0 

0.7 

3.4 

6.1 

8.8 

IS 

4.2 

6.8 

95 

2.2 

4.8 

7.6, 

45 

5.6 

8.3 

I.I 

3.9 

6.7 

95 

2.3 

5-2 

7.8 

30.6 

34 

6.2 

8.8 

150.0 

5-7 

8.6 

i.S 

4.3 

7.2 

20.1 

2.9 

5.8 

8.7 

1.6 

4.5 

U 

40.2, 

^ 

5.9 

8.9 

1.9 

4.8 

7.8 

0.7 

3-7 

6.7 

9.6 

2.6 

5.6 

1.5 

6.1 

9.2 

12.3 

IS.3 

18.3 

21.4 

24.4 

87.5 

30.6 

33.6 

36.6 

39.7 

42.S 

65 

6.3 

95 

2.6 

S.8 

8.9 

2.x 

5.2 

8.3 

i-S 

4.6 

2-^ 

40.9 

4.1 

70 

6.S 

9.7 

3.0 

6.2 

9.4 

2.7 

5.9 

9.2 

2.4 

5.6 

8.9 

2.1 

S'S: 

175.0 

6.7 

lO.O 

3.3 

6.7 

20.0 

3.3 

6.7 

30.0 

3-3 

6.7 

40.0 

3.3 

6.6 

80 

6.9 

0.3 

3.7 

7-1 

0.6 

4.0 

7-4 

0.9 

4.2 

7.7 

1.2 

4.5 

8.0 

85 

7.0 

lo.s 

14.1 

17.6 

21.2 

24.6 

28.2 

31.7 

35.2 

38.7 

42.2 

45-7 

49.3 

90 

7.2 

0.8 

4.S 

8.x 

1.6 

5-2 

8.8 

a.S 

6.2 

9.7 

3.3 

1'^ 

S0.5 

95 

7.4 

I.I 

4.9 

8.S 

2.2 

59 

9.6 

34 

7.1 

40.8 

4.4 

8.2 

i.g 

300.0 

7.8 

1.7 

S.6 

95 

3.4 

7.2 

31.1 

S.O 

8.9 

2.8 

6.7 

50.5 

44 

XO 

8.1 

2.2 

6.3 

20.4 

4.4 

8.5 

2.6 

6.7 

40.8 

4.8 

8.8 

3.0 

7.1 

30 

8.5 

12.7 

17.1 

21.3 

25.6 

29.8 

34.1 

38.4 

42.6 

4$-? 

51.X 

554 

59.6 

30 

8.9 

3-3 

V 

2.2 

6.6 

3I.I 

5.6 

40.0 

0.4 

8.8 

3.3 

7.8 

62.1 

40 

9.2 

3.9 

8.S 

3.1 

7.8 

2.4 

l-"" 

1.7 

50.9 

^i 

60.2 

4.8 

350.0 

9.6 

4.S 

9.3 

4.1 

8.9 

3.7 

8-5 

3-4 

8.2 

2.9 

j-^ 

2.7 

74 

60 

lO.O 

S.o 

20.0 

S.o 

30.0 

S-o 

9.9 

S.o 

50.0 

S.o 

60.0 

4.9 

70.0 

70 

10.4 

1S.6 

20.7 

as.9 

3X.I 

36.3 

41.4 

46.7 

S1.9 

57.0 

'62.2 

67.4 

72.S 

80 

0.8 

6.1 

1.4 

6.8 

2.2 

2-S 

3.0 

8.3 

3.8 

9.1 

H 

9.8 

5.2 

90 

X.I 

6.7 

2.2 

^? 

3.3 

8.8 

4.4 

50.0 

5.6 

61.1 

6.8 

72.2 

7-9 

300.0 

IS 

7.2 

2.9 

8.6 

4.4 

40.2 

5.9 

1.8 

7.4 

3.1 

8.8 

4-5 

80.4 

10 

1.9 

7.8 

3.6 

9.6 

5.5 

1.4 

7.4 

3.3 

9.3 

5-2 

71.1 

7.0 

3.0 

30 

X2.2 

18.3 

24.4 

30.6 

36.6 

42.8 

48.8 

SS.o 

61.2 

67.2 

73.3 

l^-i 

"1:5 

30 

2.6 

8.9 

S.2 

1.4 

7.7 

4.1 

50.S 

S-7 

2.9 

9.2 

5-5 

81.8 

40 

30 

9.S 

f§ 

2.4 

8.8 

5.3 

1.8 

8.3 

tl 

71-3 

J-^ 

t.S 

90.8 

3SO.O 

3-3 

20.0 

6.6 

3.3 

9-9 

6.6 

H 

60.0 

3.3 

80.0 

3.3 

60 

3.7 

0.6 

7.4 

4.3 

41. X 

7.9 

4.8 

1.6 

8.5 
h 

70.3 

5-3 

3.1 

9.0 

6.G 

70 

141 

21.2 

28.2 

35.2 

42.2 

49.2 

56.3 

63.3 

774 

84.3 

91.5 

98.S 

80 

4.4 

1.6 

8.8 

6.1 

3.3 

S0.6 

7.8 

5.0 

2.3 

9.4 

6.6 

3.9 

lOX.I 

90 

4.8 

2.2 

9.6 

7.1 

4.4 

1.8 

9.2 

6.7 

4.1 

81.5 

8.9 

6.3 

3.6 

400.0 
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Table  41 — Continued 
Distance  Horxzontal    Sitm  07  Areas  Vbrhcai.     Quamtries  m  Cubic  Yaum 


IS 


21.2 

1.7 
3.2 

.3.8 
3.3 

23.8 

44 
5.0 
5.6 
6.1 

26.7 
7.2 
7.8 
9.2 

30.6 


32.0 

3.3 
4.6 
6.1 
7-5 

38.8 

40.2 

1.6 

3.0 


16 


22.5 
3.1 
3-7 

^4 
4.8 

25.5 
6.1 

6.7 
7.2 

7.8 

28.4 
9.0 
9.6 

31.2 
2.6 

34-x 
5.5 

7.0 

8.S 
40.0 

4X.4 
2.9 


45.8 
7.3 
8.6 

50.0 
14 

52.8 
4.0 
SS 
S.3 

61.0 


53.9 
6.S 
9.4 

ra.i 
S.o 

k>.6 

0.0 
9.0 

X.5 
4.5 
7.2 

3.8 

5.6 

i.2 


S'9 
7.3 

48.8 
SO.S 

3.3 
4.8 

56.2 

7.8 

9.2 

62.x 

S.I 

6S.O 

71.0 

4.0 

7.0 

80.0 

83.9 

5.9 

8.9 

91.8 

4.7 


97.7 
Z00.7 
03.8 
06.6 
09.6 

ZZ3.5 

I5.S 

C.I     18.5 


17 

x8 

23.9 

25.3 

4.6 

6.0 

5-2 

6.7 

1: 

u 

27.1 

28.6 

P 

9.3 

30.0 

8.9 

0.6 

9.6 

1.3 

JO.  2 

33.0 

0.8 

3.6 

i.S 

3-3 

3.0 

S.o 

4.6 

6.6 

36.2 

38.4 

7.7 

9.9 

9-3 

41.6 

40.9 

3-3 

2.S 

S.O 

44.0 

46.6 

5.6 

8.3 

2* 

9.9 

8.7 

51.6 

S<M 

3.3 

52. 

SS.O 

19 


3.5 

3.0 

6.6 
8.1 

S9.8 

61.3 

2.9 

6.0 

9.3 

72.4 

$.5 

8.6 

81.8 

S.O 

88.1 

91.2 

4.4 

7.5 

X00.9 

103.9 
07.1 
Z0.2 

13.4 
16.4 

Z19.6 
23.9 

25.9 


6.6 

8.3 
60.0 

1.6 

63.3 

5.0 

6.7 
70.0 

3.2 

76.6 
9.9 

83.2 

6.5 
90.0 

93^ 

6.5 

X00.0 

03.3 
06.8 

zzo.o 
13.2 
16.7 

30.0 
33.3 

X36.8 
30.0 

33.3 


36.7 

8.3 

8.9 

9.6 

30.3 

0.9 
1.7 
2.3 
3.1 

33.7 
4.4 
5.2 

I:? 

40.S 
3.3 
3.9 
5.7 
7-5 

49.2 
5X.O 

2.8 

n 

58.0 
9.8 

6X.5 
3.3 

S.O 

66.8 

8.7 

70.3 

3.8 

7.4 

80.9 
4-3 
7.9 

914 
4.9 

98.4 

I03.I 

05.7 
09.2 
X3.7 

II6.I 
Z9.6 
33.3 
26.8 
30.3 

133.8 
37.3 
40.7 


30 


38.3 
8.9 
9.6 

30.4 
X.3 

3X.8 
3.6 

3-4 
4.x 

4.8 

35.5 
6.3 
7.0 

8.9 
40.7 

43.6 
4.4 

8.3 

50.0 

SX.8 

3.7 
5-7 
7.6 
9.3 

6x.o 

4.8 
6.8 
8.5 

70.4 

3.x 
4.0 

7.8 

8x.s 

85.3 
8.9 

92.S 

6.5 

X00.0 

X03.8 
07.4 
ix.x 
Z4.8 
x8.6 

133.3 
26.0 
39.7 

33.3 
37.0 

X4O.8 

44.3 
48.1 


31 


39.6 

30.3 
Z.I 

1.8 
2.7 

33.4 
4.2 
5.0 
5.8 
6.5 

37-3 
8.0 

8.9 
40.8 

2.7 

44.7 
6.6 
8.6 

50.5 
2.5 

544 
6.3 
8.2 

60.3 

2.x 


23 


t 


1.2 

.0 

8.0 

9.9 

71.9 


73.8 

5.7 

7.7 

8X.7 

5.5 

89-4 
93.2 

7.1 

XOZ.2 

05.0 

XO8.9 
X2.9 

x6.8 
20.6 
24^ 

128,3 
32.2 
36.2 
40.0 
43.8 

147.8 
51.7 
55.6 


3X.O 
Z.8 
2.6 

3-4 
4-2 

35.0 
5.8 
6.6 

7.5 
8.2 

39.0 
9.8 

4a8 
2.7 
4.7 

46.8 
8.8 

50.9 
2.9 
S.O 

57-0 

9.p 

6x.x 

3.1 
S>i 

67.x 
9.2 

7X.3 

3.2 
5.3 

77.3 

9-4 

8x4 

5.5 

9.5 

93.7 

7.8 

X0X.9 

06.0 

10.0 

XX4.X 
x8.x 
33.2 
36.3 
30.3 

134.5 
38.5 
42.5 
46.6 

50.7 

154.8 

58.9 
63.0 


23 


32-4 
3.2 
4-X 

4.9 
S.8 

36.6 

7.5 

84 

9.3 

40.0 

40.8 

X.7 
3.6 

.8 


24 


t 


48.9 

SX.O 

3.3 

5.3 

7-5 

59.6 

61.7 

3.9 
6.0 

8.x 

70.3 
2.3 

8.8 

80.9 
3.0 
5.x 

9.4 
93.7 

98.0 

X03.3 

06.S 
X0.7 
Z5.I 

XX9.3 
23.5 
29.7 
33.1 
36.2 

X40.6 

44.9 
49.1 

53-2 

57.5 

x6i.8 
66.1 
70.4 


33.8 
4-7 

04 
7.3 

38.2 

9.x 

40.0 

43.7 
3.6 

a 

8.8 

51 .0 
3.3 

li 

60.0 
63.3 

ti 

8.8 
71.1 

73.4 
5.5 
7.7 

80.0 
3.3 

84.3 
6.7 
8.9 

93.4 
7.8 

X03.2 

106.8 

XX.X 

15.5 
30.0 

124.5 
28.9 
33.3 
37.9 
43.3 

X46.8 

5X.I 

55.5 
60.0 

64.5 

X68.9 

73.4 
77.8 


25 


3S.2 
6.0 
7.0 

39.8 

40.7 

X.6 

2.6 

3.5 


26 


444 
1-4 
•3 
8.5 
50.9 


i: 


53.2 

H 

7.8 

60.3 

2.5 

64.8 
7.0 
9.3 

7X.8 
4.0 

76.3 

8.7 
81.0 

3.2 
5.6 

87.9 
90.3 

3.8 

7.3 

IOX.9 
X06.5 

IX.X 

15.9 

30.4 
25.0 

129.5 

34-3 

38.9 

43-5 
48.x 

XS3.8 
57.2 
62.0 
66.8 
71.2 

175.9 
80.5 
85.3 


36.6 

U 

94 
404 

4x4 
2.3 
3.3 
4.3 
5.2 

46.3 

8.x 

50.5 

2.9 

11 

60.x 
3.6 
S-o 

67.4 
9.8 

73.3 
4.6 
7.0 

79.3 
8x.8 

n 

9.0 

91.7 
3.9 
6.4 

zox.a 
o6jo 

XX0.8 

15.5 
30.5 

25.3 
30.0 

134.8 
39.8 
44.5 
49.3 
54.1 

158.9 

63.8 

68.5 

73.4 
78.x 

183.0 
87.8 
93.6 


27 


D'uble 
Areas 


3$M 
9.0 

1 

IA.0. 


43 
4.0; 

7. 


■] 


48.0 

9.0, 

50.0 

5.0 

57.5 
60.0; 

S.O 

7.5 

70.0 

2.5, 
5.0 

8a.s 
S.o 

90.0 
2.5 

95-0 

7.5 

Z00.0 

05.C 

Z0.0 

xxs.c 
20.C 
25.0 
30.0 
35.C 

140.0 
45.0 
50.C 

55.0 
60.0 

x6s.c 
70.C 

75.0 
80.0 

85.0 

X90.0 

95.0 
300.0 


76.0 

8 
8ao 

2 
4 

6 

8 

90.0 

2 
4 

6 

8 

Z00.0 

OS 
xo 

15 

30 

X35.0 

30 

35 

40 

45   . 
xsao 

55 
60 

65 
70 

85 

90 
95 
300.0 

xo 
30 

30 
40 

350.0 

60 
70 

80 
90 

300.0 
xo 
30 

30 

40 

350-0 
60 

70 

80 
90 

400w0  I 


536 
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.8 

29 
40.8 

30 
42.3 

31 
43.6 

32 
45.1 

33 
46.5 

34 
47.9 

35 
49-3 

36 
50.7 

37 
52.1 

38 

53.5 

39 
54.9 

40 
56.3 

Double 
Areas 

39.4 

76.0 

40.4 

1.8 

3*3 

4.8 

6.2 

I'l 

91 

50.5 

2.0 

3.5 

J.9 
6.3 

6.4 

7.8 

8 

1.5 

3.0 

4.4 

5.9 

7.4 

8.8 

50.3 

1.8 

3.3 

4.8 

7.8 

.9-2 

80.0 

2.5 

4.1 

5.6 

7.1 

8.6 

50.1 

1.7 

3.2 

ii 

6.2 

7.7 

9.2 

60.8 

3 

3.6 

5.2 

6.7 

8.2 

9.8 

1.3 

2.9 

4.5 

7.5 

9.1 

60.7 

3.3 

4 

44.6 

46.2 

^2? 

49-3 

51.0 

S2.S 

S4.2 

SS.7 

57.3 

58.9 

60.5 

62. X 

63.7 

6 

5.6 

7.2 

8.8 

50.5 

2.1 

3.7 

54 

7.0 

>7 

1i 

1.9 

3.5 

U 

8 

6.7 

8.3 

50.0 

1.7 

3.3 

5.0 

6.7 

8.3 

60.0 

3.3 

5.0 

90.0 

7.7 

9.4 

i.i 

2.8 

4.5 

6.2 

7.9 

9.6 

1.3 

3.0 

4.7 

6.4 

8.3 

2 

8.8 

S0.5 

2.2 

4.0 

5.7 

7.5 

9.2 

61.0 

2.7 

4.4 

6.2 

7.9 

9.7 

4 

40-8 

51-5 

533 

S5.I 

56.9 

58.7 

60.4 

62.2 

64.0 

65.8 

67.6 

69.4 

71.1 

6 

50.8 

2.6 

4.4 

6.3 

8.1 

9.9 

1.7 

3.5 

5.3 

2-* 

8.9 

70.8 

3.6 

8 

X.8 

3.7 

5.5 

^7.4 

9.3 

6x.x 

3.0 

i-^ 

6.6 

8.5 

70.3 

2.2 

4.0 

100.0 

4.4 

6.4 

8.3 

60.3 

62.2 

4.2 

6.1 

8.1 

70.0 

72.0 

3.9 

5.8 

7.8 

OS 

7.0 

9.1 

61.1 

3.2 

5.2 

7.2 

9.3 

71.3 

3.4 

SA 

7.4 

9.5 

81.5 

10 

59.7 

61.8 

64.0 

66.0 

68.1 

70.4 

72.5 

74.5 

76.7 

78.8 

81.0 

83.1 

85.3 

15 

62^ 

4.5 

6.7 

*i 

71.1 

3.4 

5.5 

o7* 

80.0 

82.2 

n 

6.7 

9.0 

30 

4.8 

7.2 

9.5 

71.8 

4.1 

6.5 

8.8 

81.0 

I'i 

5.6 

90.3 

92.7 

135.0 

7.3 

9.8 

72.1 

4.5 

J-^ 

9.4 

81.8 

4.2 

9.0 

914 

3.9 

6.x 

30 

70.0 

72.S 

5^ 

7.5 

80.0 

82.5 

S.O 

7.5 

90.0 

92.5 

S.O 

7.5 

xoao 

35 

72.6 

75-2 

77.8 

80.5 

83.0 

85.6 

88.1 

90.7 

93.4 

96.0 

98.S 

101. 1 

103.7 

40 

.5.2 

7.9 

8a5 

3.2 

59 

8.6 

91.3 

4.0 

6.7 

9.4 

X02.0 

04.8 

07.5 

45 

7.8 

80.6 

3.4 

6.1 

8.9 

91.7 

4.5 

7.2 

XO0.0 

X02.8 

05.6 

08.3 

ii.i 

150.0 

80.4 

3.2 

6.2 

9.0 

91.9 

4.7 

7.6 

100.5 

03.4 

06.2 

09.1 

12.0 

14.8 

55 

2.9 

59 

8.8 

91.8 

4.7 

7-7 

100.8 

03.8 

06.7 

09.7 

12.6 

15.6 

18.5 

60 
/5 

85.5 

88.5 

91.6 

94-7 

97.7 

100.9 

103.9 

107.0 

Xiao 

113.1 

1 

116.1 

X19.2 

122.2 

8.x 

91.3 

4.4 

7.6 

XO0.8 

03.9 

07.1 

10.2 

13.J 

16.6 

19.7 

22.8 

26.0 

70 

90.8 

IS 

7.3 

X00.5 

03.8 

70.0 

10.2 

Hi 

16.7 

2ao 

33.2 

26.4 

29.6 

'r 

3-4 

XOO.O 

03.3 

06.8 

Ill.X 

13.4 

16.8 

20.0 

*fl 

36.7 

30.1 

334 

6.0 

9.4 

02.8 

06.2 

09.6 

13.2 

16.5 

19.9 

23.4 

36.8 

30.3 

33.7 

37.1 

85 

98.6 

102.1 

105.6 

109.2 

112.8 

116.1 

119.7 

123.2 

126.7 

130.2 

133.8 

137.3 

140.8 

90 

X01.2 

04.8 

08.4 

12.0 

15.6 

19.2 

22.9 

26.4 

30.0 

33.8 

37.2 

40.9 

44.5 

95 

03.7 

07.4 

Il.I 

14.9 

18.6 

22.2 

36.0 

29.6 

33.3 

37.0 

40.6 

44.4 
51.6 

48.x 

300.0 

08.8 

12.8 

16.6 

20.6 

24.4 

28.4 

32.2 

36.2 

40.0 

44.0 

47.8 

55.6 

10 

14.0 

18.2 

22.2 

36.4 

30.4 

34.4 

38.6 

42.6 

46.8 

50.8 

54.8 

590 

63.0 

30 

119.4 

123.6 

X27.8 

132.0 

136.2 

140.6 

145.0 

X49.0 

153.4 

157.6 

163.0 

166.2 

1704 

30 

24.6 

29.0 

33-4 

37.8 

42.2 

46.8 

S1.0 

55.6 

60.0 

64.4 

69.0 

73.4 

78.0 

40 

29.6 

34.4 

39.0 

43.6 

48.2 

S3.0 

57.6 

62.0 

66.8 

71.4 

2^-2 

80.6 

85.4 

35ao 

34.6 

39.4 

44.2 

49.0 

54.0 

58.8 

63.6 

68.4 

73.2 

78.0 

82.8 

87.8 

92.5 

60 

40.0 

45.0 

50.0 

SS.O 

60.0 

65.0 

70.0 

75.0 

80.0 

85.0 

90.0 

95.0 

200.0 

70 

145.2 

150.4 

155.6 

i6i.o 

166.0 

171.2 

176.2 

181.4 

186.8 

*92« 

197.0 

202.2 

207.4 
14.6 

80 

S0.4 

55.8 

6x.o 

66.4 

71.8 

77.2 

82.6 

88.0 

93.3 

98.8 

204.0 

09.6 

90 

55.6 

61.2 

66.8 

72.2 

77.8 

83.4 

89.0 

94.4 

200.0 

205.6 

11.2 

16.6 

22.2 

3oao 

60.8 

66.4 

72.4 

78.0 

83.8 

89.4 

'95.2 

201.0 

06.8 

12.4 

18.2 

34.0 

29.6 

10 

65.8 

71.8 

77.6 

83.6 

89.4 

95*4 

20X.6 

07.6 

13.6 

19.4 

35.3 

3X.2 

37.0 

30 

17X.0 

177.0 

'?3-* 

189.4 

195.4 

201.8 

207.8 

214.0 

220.0 

226.2 

232.2 

2384 

2444 

30 

76.2 

82.6 

88.8 

95.2 

201.6 

07.8 

14.2 

20.4 

26.7 

33.2 

39.4 

45-6 

52.0 

40 

8x.6 

88.0 

94.6 

20X.0 

07.6 

14.0 

20.4 

26.8 

33.4 

40.0 

46.4 

52.8 

59.2 

350.0 

86.8 

93.2 

200.0 

06.6 

13.6 

22.2 

26.8 

33.6 

40.0 

46.6 

53.4 
60.4 

6a2 

66.8 

60 

92.0 

98.8 

05.6 

12.4 

19;  2 

26.4 

33.0 

39-8 

46.8 

53.6 

67.4 

74.2 

70 

197.2 

204.2 

2x1.2 

2X8.4 

225.6 

232.2 

239.4 

346.4 

253.4 

260.4 

267.6 

374.6 

381.6 

80 

202.4 

09.6 

16.8 

24.0 

3X.2 

38.4 

45.8 

52.8 

60.2 

67.6 

74.4 

8x.8 

89.0 

90 

07.4) 

14.8 

22.2 

29.6 

37.0 

44.4 

5X.8 

59-2 

66.6 

74.0 

81.4 

88.8 

96.2 

4000 

EARTHWORK 
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4X 


4i 


43 


S7.7 

S0.2 

H 

6a7 

60^ 

a.a 

3.3 

3.8 

3.8 

54 

65.3 

66.8 

6.8 

84 

8.4 

70.0 

9.8 

Z.6 

7X.4 

3.a 

73.8 

44 

9.8 
83.S 

87.3 
91.3 

1.8 
03.5 


6a6 

3.Z 
3.7 

53 
6.9 

68.4 
70.1 

1.7 

3 

4. 


44 


.1 


06^ 

tl.3| 
14.0 

t7.8 
ez.5 


7.7 
8r.7 

S.6 

89.4 

934 

7.3 

Z01.3 

05.0 


Z08.9 

X3.9 

16.7 

30.6 

34*5 


5.3  1284 
9.x    33.3 


3.9 
6.8 
0.5 


36.1 
40^ 
43-9 


S.I 
C.8 

).S 
r.o 

1.7 

t.3 

1.8 

.4 
.0 


SS- 
63-4 

7Z.3 

94.5 

3oa.3 

Z0.0 


76.4 
8.Z 

>7 

83.6 

7.6 

91.6 
S.6 

9-7 
ZQ3.6 

07.S 

iil.S 
15.5 
Z9.5 
23.S 
«74 

X31.S 
354 
394 
43.4 
474 


Z47.8  ISIA 
SI.8    "« 


.7(3x7.8 
.3  35.6 
8    33^ 


4 
o 


41. 3 
49.0 


6  256.7 
a  64.5 
7a.3 
80.Z 

87.9 


55.3 
59.3 
67.3 
7S.a 

183.3 
91.Z 
99.0 

307.0 
15.0 

323.0 
30.9 
38.9 
46.9 
54-8 

362.8 
70.7 

11:? 

94-6 


;  395.6  30I3.6 

c  1 503.4    XO.S 
zz.z|  Z8.5 


6Z.9 

3.6 

5-3 

6.8 
8.4 

7az 
X.7 
3.3 

^6 

78.3 
9.9 

8Z.4 
5.6 
9.6 

93.7 

7.8 

X0X.9 

05.9 

lao 

ZZ4.3 
z8.3 
23.3 
26.3 
304 

X344 
38.S 
42.S 
46.8 
50.8 

XS4.9 
58.9 
63.0 

7X.X 
79<3 

X87.5 
95-5 

303.7 
ZZ.9 
30.0 

338.3 
36.3 

44.5 
53.6 
6a8 


Table  41 — Concluded 
Sum  or  Arsas  VnncAL    Quantities  di  Cubic  Yards 


45 


63.4 
5.0 

8.3 
7ao 


46 


368.9 
77.1 
85.3 

934 
301.5 

309.7 
17.8 

35.9 


7X.7 
34 
5.0 

6.7 
8.4 

8ao 

x.7 

3.3 

7.5 

91.7 

95.8 
xoao 
04.3 
08.4 
13.5 

ZX6.7 
30.8 
35.0 
29.3 
334 

137.6 
4X.7 
45.8 
500 

54.a 

158.4 
63.5 
66.8 
7S.O 
834 

Z9Z.8 

30O.O 
08.3 

z6.6 
35.0 

233.3 
41.7 
50.0 

58.3 
66.7 


275.0 

83.3 

91.7 

300.0 

08.3 

316.7 
3ao 

33.3 


64.8 
6.4 
8.3 
9.8 

7Z.6 

73.3 
5.0 

8.4 
8a3 

8z.8 

3.5 

5.3 

94 

93.7 

97.9 

Z03.3 
06.5 
ZO.7 
15.0 

1X9.3 
33.6 
37.8 
33.Z 

Z4a6 

44.9 
49.0 

534 
57.7 

z6z.9 
66.3 
70.4 
78.9 
87.5 

Z96.0 

204.5 
13.0 

31.6 

330.0 

338.6 
47.x 

55.6 
64.3 

72.7 


47 


38Z.3 

89.7 

98.3 

306.8 

15.3 

333.8 
33.3 
40.7 


66.3 
7.8 
9.7 

7x4 
3.3 

74.8 
6.6 
8.4 

80.Z 
1.9 

83.6 

5.3 
7.0 

914 

5.7 

ZOO.Z 

04.5 
08.9 

13.1 

17.5 

Z3X.9 

36.3 
30.6 
34-9 
39.4 

143.8 
48.0 
53.3 
56.8 
oz.o 

t:5 

74.1 
83.8 

9Z.5 

300.Z 
08.8 

17.5 
36.3 
35.0 

243.7 
524 
61.X 
69.8 
78.5 


48 


387.3 

95.9 
304.6 

13.3 
33.0 

33a7 

339.4 
48.Z 


67.6 

9.3 
71.3 

a.9 

4.7 

764 

80.0 
X.8 
3.6 

85.3 

1:1 

Z03.3 
06.7 
IX.  3 
IS.5 

2ao 

X244 
28.9 

33.4 
37.8 
43.3 

Z46.8 
5X.2 

55.5 
6ao 

64.S 

168.9 

734 
77.8 
86.7 
95.6 

3044 
13.3 
33.3 
3X.I 
40.0 

348.0 
57.8 
66.7 
75.6 
844 


49 


50 


393.3 

303.3 
IX.I 

3ao 
38.9 

337.8 
46.7 
55.5 


69.0 

70.7 

2.6 

78.0 

8X.7 
3.5 
5.3 

97.1 
8.9 

90.7 
95.3 

9-9 

XQ4.4 
08.9 

13.5 
17.9 
22.5 


3X.7 

36.3 
40.8 


70.4 

3.3 
4.x 

n 

79.6 
81.5 

34 
5.3 

7.x 

88.9 

90.8 

3.6 

7.3 

Z0Z.9 

106.S 
XX.8 
Z5.6 

30.3 
35.0 


75   I 


I37.Z  Z39.8 

-^      .3 

■9 
.6 


45.a 
149.8 

634 
67.9 


173.4 

7.o| 

Z.4 

90.S 

99.7 


s; 


3o8.8 
Z7.8 
36.8 
36.0 
450 

354.x 
63.3 

73.3 
81.3 

904 


299.S 

308.S 

X7.6 

36.7 

35.8 

344.3 
53.9 
63.9 


34. 
38. 


48. 


153.8 

57.4 
63.0 
66.8 
714 

Z76.0 
8a5 
85.3 
94.5 

303-7 

3x3.0 
33.3 

3X.5 
40.8 
50.0 


259.2 
68.5 
7.8 
7.0 
96.3 


I 


305.5 
X4.8 
24.1 
33.0 
42.6 

35Z.8 
6z.x 
70.3 


X0S.7 
08.4 

XX.2 
X4.O 

x6.8 

X19.S 
33.3 

35.Z 

37.9 
30.7 

X33.4 
36.2 

38.9 

45.9 
53.8 

159.8 

66.7 

73.7 
80.5 

87.5 

X94.5 

30Z.5 

08.5 

154 
22.4 

339.3 
36.2 
43.0 
5ao 
56.9 

363.9 
70w8 

77.7 
9Z.6 

305.S 

3194 
33.3 
47.x 
6z.o 

75.0 

388.7 

403.7 

X6.5 

304 
44.3 

458.2 
73.1 

85.9 

99.8 

5x3.7 

537.6 
4X.5 
55.5 


XOO 


140.7 

X 

5Z.8 
55.5 

X59.3 
63.0 

6€i7 
70.6 
74.x 

X77.7 
8z.6 
85.x 
944 

203.7 

2Z3.9 
22.3 
3X.4 
40.7 

Sao 

350.3 
68.5 

77.7 
87.0 

96.3 

305.5 
X4.8 
34.0 

33.3 
43.6 

3SX.8 
6x.i 

70.3 
88.9 

4074 

435.9 
44-4 
63.9 
8Z.5 

500.0 

5x8.5 
370 

55.5 
74.0 
93.6 


703.6 
33.3 
40.6 


Areai 


-i 


76.0 

&o 

80.0 

3 
4 

6 

8 
90.0 

3 
4 

6 

8 

Z00.0 

OS 
xo 

XS 

30 

X35.0 

30 

35 

40 

45 
zsao 

55 
60 

6S 
70 
X7SO 
80 
85 

90 
95 

30O.O 
ZO 
30 

30 
40 
350.0 
60 
70 

80 

90 

300.0 

XO 

30 

30 
40 

350.0 
60 
70 

f 

80 
90 

400.0 
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Overiiatil. — ^If  dirt  must  be  hauled  more  than  a  stated  distance 
'free  haul)  to  place  it  in  fill,  the  additional  distance  is  called  over- 
laul  and  is  paid  for  at  an  agreed  rate;  the  amount  of  overhaul  is 
stimated  as  the  (number  of  cubic  yards  that  have  to  be  overhauled) 
><  (the  distance  beyond  the  free  haul  expressed  in  stations,  that  is 
inits  of  loo  ft.).  That  is,  if  20  cu.  yd.  had  to  be  hauled  3000  ft. 
7hen  the  free  haul  was  2000  ft.,  the  overhaul  would  be  expressed 
.s  10  stations  X  20  yd. 

Overhaul  is  to  be  avoided  if  possible,  as  it  is  a  source  of  dispute 
►etween  Contractor  and  Engineer.  Where  necessary  it  can  often 
>e  computed  from  an  inspection  of  the  earthworks  computation 
heets.  If  the  cut  from  which  the  dirt  is  drawn  is  short  and  well 
lefined  and  the  fill  to  which  it  is  taken  is  likewise  well  defined,  the 
osition  of  the  centers  of  gravity  of  both  cut  and  fill  can  be  located 
uflSciently  close  by  inspection;  however,  if  two  or  three  cuts  are 
auled  to  one  fill  or  one  cut  to  more  than  one  fill,  the  amount  and 
ingth  of  overhaul  can  only  be  determined  with  accuracy  by  means 
f  a  mass  diagram. 

In  Fig.  132  an  earthwork  chart  is  given  which  was  prepared  for 
le  Batavia-Buffalo  road.  State  Route  6,  Sections  10  and  11. 
his  chart  gives  amount,  location,  direction,  and  length  of  haul 
»r  excavation  at  a  glance,  and  as  an  example  of  overhaul  has 
sen  illustrated  on  the  diagram  this  will  indicate  the  method. 
Explanation  of  Fig.  132,  page  541. — i.  The  horizontal  scale  rep- 
isents  stations  along  road:  in  this  case  5  stations  or  500' ft.  to 
le  inch. 

2.  The  vertical  scale  represents  the  algebraic  sum  of  the  exca- 
ition  and  embankment  on  whose  vertical  the  amount  is  plotted. 

I  this  case  200  cu.  yd.  to  the  inch. 

3.  Reading  from  left  to  right,  all  ascending  lines  indicate  amount 
la  location  of  excavation;  all  descending  lines  indicate  amount 
id  location  of  embankment. 

4.  All  embankment  quantities  in  each  balancing  section  were 
ultiplied  by  the  factor  written  above  that  section  as  "Balance 
sed." 

5.  The  excavation  and  embankment  quantities  at  each  station 
;re  added  together  algebraically,  after  the  embankment  quantities 
d  been  increased  as  specified;  the  algebraic  sum  so  obtained  was 
en  added  algebraically  to  the  sum  similarly  obtained  from  pre- 
>us  sections. 

6.  This  diagram  indicates  the  amount  of  material  that  should 
excavated  or  deposited  at  each  station. 

7.  The  diagram  indicates  the  direction  of  haul. 

8.  To  compute  overhaul  consider  the  section  A  B  C  D  E  A, 
ppose  free  haul  is  to  be  500  ft.    Find  where  a  line  500  ft.  long 

II  fit  the  section.  ^  Z>  is  such  a  line.  The  material  above  B  D 
11  be  hauled  free. 

On  material  A  B  there  will  be  paid  overhaul.  The  average 
tance  the  material  A  B  will  be  hauled  will  be  the  distance 
tween  the  centers  of  gravity  oi  A  B  and  D  E  respectively. 
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Let  X  represent  that  distance.  Then  X  minus  500  ft.  equals 
the  average  length  of  overhaul. 

9.  The  overhaul  can  also  be  computed  from  the  area  of  the 
section  A  B  DEA;  this  area  represents  the  product  of  the  material 
excavated  in  yards  and  the  distance  hauled.  Find  the  area  of  the 
section  A  B  D  E  A  by  sl  planimeter  or  otherwise.  This  area  will 
be  expressed  as  yard  stations,  and  when  divided  by  the  ordinate 
G  ^  in  cubic  yards  will  give  the  length  of  haul  in  stations. 

Suppose  the  area  A  B  D  E  A  equals  2.5  square  inches.  Each 
square  inch  represents  200  cu.  yd.  X  5  stations,  or  1000  sta.  yd. 
Therefore,  an  area  of  2.5  square  inches  would  represent  2500  sta. 
yd.  According  to  the  diagram  the  total  amount  of  dirt  hauled 
equals  280  cu.  yd.  as  measured  on  the  ordinate  GB.    Therefore 

the  average  haul  for  this  280  cu.  yd.  equals  -^ ~T~"  =  8.9 

280CU.  yd. 

stations. 

The  free  haul  equals  500  feet,  or  5  stations,  therefore  the  overhaul 

equals  8.9  —  5  =  3.9  stations.     The  amount  of  overhaul  equals  280 

cu.  yd.  X  3.9  =  1092  sta.  yd. 


Table  43.  ^    Giving  the  Number  of  Pounds  op  Stone  per 

100  Feet  of  Road  for  Different  Depths  of  Loose 

Spread  and  Different  Weights  of  Stone 


12-FOOT  ROAD 


Weight  of 

I  cu.  yd. 

Stone,  Loose 

Measure 

Depth  of  Loose  Spread 

2i» 

3P 

Si" 

si* 

6J' 

2250 
2300 

2350 
2400 

2450 
2500 

2550 
2600 

20,800 
21,300 
21,800 
22,200 

22,700 
23,200 
23,600 
24,100 

26,000 
26,600 
27,100 

27,700 

28,200 
28,800 
29400 
30,000 

32,300 
33/500 

33,700 
34,400 

3S,2oo 

35,900 
36,600 
37,300 

43,700 
44,700 
45,700 
46,700 

47,700 
48,700 
49,600 

50,600 

54»200 

55,300 

S6A» 

57,800 

59,000 
60,200 
6x400 
62,600 

^  Note.  —  The  quantities  in  this  table  are  figured  by  slide  rule  but  are  sufficiently 
dose  for  the  purpose  to  which  the  table  is  put. 
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Table  ^^.— Concluded 


14-FOOT  ROAD 

Weight  o! 

ICO.  yd. 

Stone,  Loose 

Measuie 

Depth  or  Loose  Spbkao 

2i* 

3»' 

3P 

sV 

6f 

2250 
2300 

2350 
2400 

2450 
2500 

2550 
2600 

24,300 
24,800 
25,400 
25,900 

26,400 
27,000 
27,600 
28,100 

30,400 
31,000 
31,700 
32,400 

33,000 
33,700 
34,400 
35,100 

37,700 
38,500 

39v300 
40,200 

41,000 
41,800 
42,700 
43,500 

51,000 
52,200 
53,300 
54,400 

S5,6oo 
56,700 
S7,8oo 
59,000 

63,200 
64,600 
66,100 
67,500 

68,900 
70,300 
71,600 
73,000 

iS-JOC 

>T  KOAD 

2250 
2300 

2350 
2400 

2450 
2500 

2550 
2600 

26,000 
26,600 
27,200 
27,800 

28,400 
29,000 
29,500 
30,100 

32,600 
33,200 

34,000 
34,700 

35,400 
36,100 
36,900- 
37,600 

40,400 
41,300 
42,200 
43,100 

44,000 
44,800 
45,800 
46,700 

54,700 
55,900 
57,200 
58,400 

S9,6oo 
60,800 
62,000 
63,200 

67,700 
69,200 
70,800 
72,200 

73,800 
75,200 
76,700 
78,200 

I6-FOC 

rr  KOAD 

2250 
2300 

2350 
2400 

2450 
2500 

2550 
2600 

27,800 
28,400 
29,000 
29,600 

30,200 
30,900 
31,500 
32,100 

34,700 
35,500 
36,300 
37,000 

37,800 
38,600 
39,400 
40,100 

43,100 
44,000 
45,000 
45,900 

46,900 
47,800 
48,800 
49,800 

58400 
59,600 
60,900 
62,200 

63,600 
64,900 
66,200 
67,400 

72,300 
73,900 
75,500 
77,«oo 

78,700 
80,300 
82,000 
83,600 

QUANTITIES 
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Table  44.     Giving  the  Nuiiber  of  Cubic  Ya]U)S  op  Macadam 
PER  100  Feet  op  Road  por  Different  Widths  and  Depths 


Width 

of 

Macadam 

Depth 

2" 

2V 

3* 

hV 

4* 

S* 

6" 

1' 

10' 

12' 

14' 

15'  .... 

16'  ... . 
18'  ... . 

20' 

22'  .... 

6.17 
7.41 
8.64 
9.26 

9.88 
II. II 

12.35 
13.58 

7.71 
9.26 

10.80 

11.58 

12.35 
13.90 

15.44 
16.98 

9.26 
II. II 
12.96 
13.89 

14.81 
16.67 
18.52 
20.37 

10.80 
12.96 
15.12 
16.20 

17.28 
19.44 

21.60 

23.76 

12.34 
14.82 

17.28 

18.52 

19.76 
22.22 
24.70 
27.16 

15-43 
18.52 

21.61 

23.16 

24.70 
27.79 
30.87 
33.96 

18.52 
22.22 
25.92 
27.78 

29.63 

33-34 

37.04 
40.74 

21.61 

25.93 
30.25 

3241 

34.57 
3889 

43-21 
47-53 

Table  45 

Square  Yards  per  100  Feet  and  per  Mile  for  Different 

Width  of  Surface 


Width 

m 

Feet 

Number  of  Square  Yards 

Width 

in 
Feet 

Number  of  Square  Yards 

Per  100  Feet 

Per  Mile 

Per  100  Feet 

Per  Mile 

8 
10 
12 

14 
15 

16 
18 
20 
22 

24 

88.889 
III.III 

133-333 
155.556 
166.667 

177.778 
200.000 
222.222 

244.444 
266.667 

• 

4,693 
5,867 
7,040 

8,213 
8,800 

9,387 
10,560 

",734 
12,907 

14,080 

26 
28 
30 
32 
34 

36 
38 
40 

42 
44 

288.889 
311.111 

333.333 
355.556 
377.778 

400.000 
422.223 

444.444 
466.667 

488,889 

15,253 
16,427 

17,600 

18,773 
19,947 

21,120 
22,293 
23,466 
24,640 

25,813 

The  other  quantities  figured  are:  length  of  road  in  fiiiles.  Table 
42  converts  Imeal  feet  to  miles. 

Quantities  of  macadam,  sub-base,  concrete  paving  foundations, 
square  yards  of  resurfacing,  which  are  simple  computations  involv- 
ing length,  width,  and  depth:  Tables  43, 44  and  45  can  be  conven- 
iently used. 

Quantities  of  oil  or  other  surface  or  penetration  treatments,  which 
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leet.  For  solid  floor  railroad  through  girder  bridges  a  clearance  of 
13.5'  below  the  bottom  of  the  girder  means  a  distance  of  from  i6.j' 
to  17.0'  below  the  top  of  the  rail. 

The  tables  (pp.  547,  548)  are  taken  from  Spofford's  "Theory  of 
Structures,"  and  a  pamphlet  issued  by  Heath  &  Milligan,  of 
Chicago.  They  show  the  approximate  weight  oE  through  girder 
railway  bridges  with  the  depth  of  Boor  system.  They  are  useful 
for  preliminary  estimates  of  grade-crossing  elimination. 


THROUGH  PLATE  QIRDER  SPANS,  I-BEAM  FLOOR        1 
WEIGHTS,  DIMENSIONS,  ETC;                          | 
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The  weights  given  are  for  the  steel  only;  the  weight  of  the  floor 
system  must  be  added.  For  purposes  of  a  rough  preliminary  esti- 
mate of  cost  the  superstructure  can  be  assumed  to  cost  $80.00 
p>er  ton  in  place  including  all  erection  cost». 

Where  the  highway  crosses  over  the  railroad  a  minimum  clearance 
of  21.0'  is  used  from  the  top  of  rail  to  the  bottom  of  the  highway 
bridge;  the  span  varies  with  the  number  of  tracks.  In  determining 
the  length  required  it  is  best  to  get  in  touch  with  the  railroad 
engineers. 

Alignment  at   Grade  Crossings — New  York  State  Regulations 

1.  The  alignment  should  be  laid  out  so  that  approaches  are 
on  a  tangent  which  is  at  least  400  feet  long,  200  feet  on  each  side 
of  the  crossing.  The  angle  that  the  highway  makes  with  the 
railroad  should  not  be  less  than  60  degrees.  The  grade  of  the 
approaches  should  not  be  greater  than  6  per  cent.,  and  there 
should  be  a  portion  level  or  nearly  so  for  a  distance  of  not  less 
than  100  feet  on  each  side  of  the  crossing. 

2.  On  the  highway  within  200  feet  of  the  railroad,  on  each 
side,  traffic  should  have  a  clear  view  of  approaching  trains  for  a 
distance  of  1000  feet.     (See  Rule  5.) 

3.  The  width  of  the  planked  crossing  shall  not  be  less  than 
24.  feet,  measured  at  right  angles  to  the  center  line  of  the  high- 
way. The  ends  of  the  pavement  should  be  protected  by  an  edg- 
ing of  stone  or  concrete  placed  at  a  sufficient  distance  from  the 
ends  of  the  ties  to  allow  for  replacing  them. 

4.  A  standard  danger  sign  should  be  placed  at  each  side  of 
the  crossing  along  the  highway  in  a  prominent  location  at  least 
400  feet  from  the  crossing. 

5.  When  the  view  of  the  railroad  either  way,  as  required  in 
2,  is  less  tJian  1000  feet,  or  when  there  is  a  great  deal  of  traffic 

^n  either  the  highway  or  railroad,  or  when  vision  may  be  blocked 
by  cars  or  trains  as  in  the  case  of  a  railroad  with  two  or  more  tracks, 
a  flagman  should  be  employed  to  warn  highway  traffic. 

Right-of-Way  Computations. — ^The  form  of  traverse  computa- 
tion and  closure  was  shown  on  page  334. 

The  areas  of  rights  of  way  are  generally  figured  by  dividing  the 
paitel  into  rectangles,  trapezoids,  triangles,  sectors,  or  segments, 
and  figuring  these  shapes  from  the  formulae  given  in  Table  70. 
These  areas  are  checked  by  planimeter.  They  are  usually  figured 
to  the  nearest  0.0 1  acre. 

The  method  of  double-meridian  distances  can,  however,  be  used 
if  desired.  The  following  formula  and  example  are  given  to  illus- 
trate this  method.  It  is  not  often  necessary  and  is  a  tedious 
computation : 

The  rule  is: 

Twice  the  area  of  the  figure  is  equal  U>  the  algebraic  sum  of  the 
products  of  the  double-meridian  distances  of  each  course  multiplied 
by  its  latitude. 

In  which  the  double-meridian  distance  equals  the  sum  of  the 
meridian  distances  of  the  two  ends  of  each  course  referred  to  the 
meridian  drawn  through  the  most  westerly  point  of  the  parcel, 
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and  the  latitude  of  each  course  is  reckoned  as  plus  if  the  course 
runs  north  and  minus  if  it  runs  south.  Take  as  an  example  the 
right  of  way  parcel  shown  in  Fig.  69,  page  334,  for  which  the  traverse 
has  been  figured  and  refer  the  meridian  distances  to  the  meridian 
drawn  through  the  comer  3.1'  distant  from  station  194  -f-  71.7. 


Parabolic  Crowns  for  Pavements. — It  is  often  convenient  to 
have  the  following  data  on  parabolic  crown  ordinates  in  making 
templets  for  pavement  work. 

Divide  the  distance  from  the  center  of  the  road  to  the  curb  or 
edging  into  ten  equal  parts  and  call  the  total  crown  i.o;  the  dis- 
tance down  to  the  surface  of  the  pavement  from  the  crown  elevation 
at  each  of  these  ten  points  expressed  in  terms  of  the  total  crown  will 
be 

Center  of  Road,  point  No.  o 0.00 

I o.oi 

2 0.04 

3 0-09 

4 0.16 

5 0.25 

6 0.36 

7 0.49 

8 0.64 

9 0.81 

Curb  point  10 i  .00 


Fblrvi-io 


Curb 


2 

■4-1 
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Summary  of  Points  to  be  Considered  in  Making  an  Economical 

Design 

Justifiable  economy  in  grading  is  largely  limited  to  the  inter- 
mediate grades  and  to  variations  in  the  cross-sections.  A  well- 
designed  road  in  these  particulars  may  easily  save  $700  to  $900  per 
mile  over  a  careless  design. 

Economy  in  widths  of  hard  paving  is  attained  by  the  selection  of 
a  width  suitable  to  each  particular  road  or  part  of  road.  A  uniform 
width  of  16  ft.  for  all  roads  is  unnecessary  and  a  waste  of  money 
both  in  first  cost  and  in  maintenance  and  renewal.  For  class  I  and 
II  trafiic  nothing  less  than  18'  or  15'  should  be  considered;  for 
class  III  and  IV  the  widths  may  vary  from  10'  up.  The  cost  per 
foot  width  per  mile  for  different  types  is  approx.  as  follows: 

Type  of  Road  First  Cost  per 

foot  width  per  mile 

Brick $1200 

Asphalt iioo 

Concrete 950 

Bituminous  Macadam 750 

Waterbound      "      650 

Economy  in  foundations  is  limited  to  utilizing  local  materials  to 
their  best  advantage  with  short  hauls. 

Economy  in  top  courses  lies  in  the  selection  of  the  cheapest  type 
suitable  to  the  traffic  conditions  and  the  use  of  the  minimum 
thickness. 

Economy  in  maintenance  is  attained  by  preventing  rather  than 
by  repairing  damage. 


OIL  QUANTITIES 


S53 


o 


8 

CA 


S 


P4 
O 

O 

o 

8 


P4 

CO 

s 

o 


s 


a 

H 

g 

*• 

o 

8 

•i 

i 
p 

iz: 

? 

80.00 
ZOO.OO 

z  20.00 
Z40.00 
Z50.00 

z6o.oo 
z8o.oo 
200.00 
220.00 
240.00 

889$9 
^<^8S^ 

««  M  f0«O«0 

15  8  81 

0 

H   H   M 

«  QOOO  «0 
c«  0  r»  mfo 

.    *    .    .    < 

c«  0  r«.w><o 

M   M   M   H   « 

:^^<;r8 

««  ««  m  c«  (o 

0000   «OM 
0  to  to  (O*^ 

0   tolOIOM 

m  to  v>»o  Ok 
•o  to  to  to  to 

. 
O 

•           «           •           •           • 

«  toCKO  H 

H   H 

M    H   H   11   H 

•     •     •     •     • 
i«  M  e«  «  e« 

0^    M   IO«l 

5  «omo  <• 

0    «OMO    « 

00  o>  M  <«  ^ 
c«  c«  toto«o 

• 

0 

«   0*   t^  M 

v>r«'QO  0  H 

M   M 

c«  lovx^eO 

10  I^M    Otto 
»       •       •       •       • 

00  lOOQ  n  to 
M  «o^o  r* 

H    H    H    H   11 

•        •        •        •        • 

«  toM  r«  M 
OtO  «  «oto 

H   «    «    C«   C« 

•       •       •       •       • 

0  mO  m  w> 

OOO    OtM    « 

«  «  «  *o  «^ 

o 

«0*0  0  coll 
•     ■     .     .     • 

s;:S<SS8 

to  0    <0  to  <' 

vO  0  too  (i 
.      •      .      •      • 

'8  8;?'^>8 

H    H   M   H   M 

10  to  Q   «Ol>« 
«00  0  rtO 

•           0            •            •           • 

«oo  0  «*>o 

toOO   0    M   Vl 
H  H   M  C«  C« 

8  ^^8:; 

C«   M   Ct   ««   M 

• 

0 

•      »      •      •      • 
^w><©  t-  fO 

QtO    M   ««   ««) 

00  0  M  n  to 

•           •           •           ■           • 

OQ   Q   M  C«   (O 

oo  0  M  m  fO 

M    H   H   H 

't^  »oOO   0 

■*ioO  tooO 

•       •       »       •       ■ 
^W)0  toOQ 

^100  toOO 

M   M   H   H   H 

0   M    «   to? 

•      •      .      .      . 

8as:?5 

11  c«   ««  <«  «* 

• 

o 

»0  ^Ml^'O 

»H    0    900    f 

•^  000  «^<o 
tooSS  Ok  5 

0    ^  <0  M   M 
10  ■^«0«   M 
.             ... 
10  ^  (O  n    M 
M    «    10  ^«« 
H   H    H   M   H4 

•       •       •       •       • 

Ooo  too  v) 
Oo  too5  o> 

M    M   H    M   M 

0   to  toOO    Ot 

wo  0  ^00 

..... 
100  toOOOO 

O>0    H    M   «l 
««   |o  M   10  0> 

a         •         .         .         . 

0  sp  1^00  »o 
0>  0  M  M  n 

H   H    H   H 

to  10  ^««o 

«0  to  H   W»  Ot 

to  OoQ  •'t  «* 

M   11   H   H   M 

? 

t^  ««)  0  t^  0 
0  «oo«o  0 

S88^5» 

H    H   H 

A   to  too  ^ 

00  toOO 

H   M  H   t^   H4 

« 

0 

«  r»t#)00\O 

•       •       •       «       • 

«  «  «0  «0  "T 

300  w  f 

..... 

^  0  lowo 
.^10  too  0 

MOO   *0  A  ^ 

«  to«000    ^ 
..... 

«  to  lOOQ  ^ 

totoOOOO  9 

l>0    M   to  (1 
1)  1^  mO   « 

5    10  HO    (« 

>  0  M  M  ei 

• 

0 

00  M  r^M  fo 

..... 
(0  MO   M    CO 
H   C«   M   f<«><fl 

«n8  5»  J*! 

•       •               •       « 

too  'l-OO  10 
•0  ^"^  ^w> 

00  «  toHO 
to  MO  M  10 

•          •          •          •          • 

1000   (0(0 

Q  ^  A  to  to 
0  '♦oo  to  to 

OOOOM  ^  9 

M 

6 

(AM   <0V)«0 

^      .... 

00    M    *0V)O 
H    M    M    H 

roO  «  5o 

.    .    •    •    • 

»*  0  «  ^0 

H   (1   M   M  «1 

0>H  (OOOO 

00   M    »0«Oto 

•       •       •       •       • 
00    M    10  V>  to 

w  «o  to  *o  «o 

Q  M  too  0> 

0   M   tOVMO 

•         •         •         •         • 

Width 

ft* 

00  0  <«  ^'o 

M    M    M    M 

000   0    M    ^ 
M   M   «    M   <« 

000  0  c«  ^ 
«  «  toto  «o 

000  0   M^ 

554 


OFFICE  PRACTICE 


1 

.s 

a 
I 

o 


00 


H 


H4 


88888    88888    88888    8888$ 

5  8  °  cS  8      « 'O  o  "^oa      «  o  8  ^w      «•  *o  5  ^^ 
'  «  «  »o      »o«o^4^     w>«o«<ovO      tot^ooeooS 


M  c« 


•        •        «        •        • 

looO  «>i>ooo 

H   H   M   (i    <« 


«  Qeovo  «o 

•        •        •        •        • 

«  O  r*  v>  «*> 
O  ^  1^  »-•  "o 

«*}  «o  fO  ^  ^ 


M    0»**^  « 

H00«O   >♦« 

•       »       •       •       • 


800<O   •OM 

■  ■  •  •  • 


H   H   C<    (i   t« 

•       •       •       •       a 

00  v)  <« 
^00  « 
ht  ¥*  n 


O«o 


O  «o  *o  M  ^ 
f)  'O  **)  ^  "T 

•        •       •        -        - 

o»  «o  *^ 


II 


OO   M  lOOO   « 

•        •        •        •        • 

00  00  V)  9  <i 


(»  O   lOOO   M 

>o  t^  («-  »oOO 

■       •       *        •       • 

O    '♦(OM 

t*»^«««.00 


^ 


cioo  «o  ^  (o 

■        «        •        •        • 

«  t*  «000<0 
^  r*.  M  Tt\o 

H   H   <«   C«   «« 


•       •       •        •       • 

€•  fO  'O  *0  ^ 


woo  »oo>^ 

«  t«>  tOOO  "T 

•      •       •       •       • 
M  to  «#5O0   ^ 


8 


\0   H   »«(« 
-       •       •       •      • 

^  to  M    ^"00 
\0>0    to  to(^ 


lO 


S  O  «*>  »o 


«*5 
H 


«         • 

too 


M   C«   C«   C« 


8«*J»o  Q 
«ONO    O 


(o 

^   .    .    . 

'  o  «o>o  o 


**5  to  'O  ^ 


totoQ 

too  o 

• 

to 


to»6  O  «o  _ 


«0^* 
»o*o 

'?;8 


8 

8  5^ 


to  ^^  Q  *0 


too 


to 


8  to 
to 


ooo  r*(o 


•^NO  toOO  to 
5i>iovO  toco 

•       •       •       •       • 

^I0\0  to  (O 

«    VJOO    M    fO 
H   M   H   C«   C« 


00  5 

•       « 

00  Q 
^oO 
c«  «« 


M    «    to 
H    C«   to 

•  •  • 
M  C«  to 
M    ^  to 

to  *o  to 


yt-\0  loOO  0»       Q 

^  W)«0    toOO  O 


■"fOO   toOO 

o  too  o» « 


c« 
c« 


•05 


to 

O    M    ««    fO^ 

O  0>  ««  v>00 


to 
to 


M  1000  M  « 
«OM  (o  ^« 
•  •  •  •  a 
OOOO  to  ^  t^ 
M  ^lo  O  « 
H   H   H   C«   c« 


^toO  too 
00  to  0>vo 


MOO 


5*8 


to«o  O  »0  w>  w) 
too  Ok  e«  «0  00 
et  c«  c«  to  to      to 


M    ^to 


o 

10 


t<0  to  O  «  v> 

to  o>o  c«oo 

•        •        •        •        • 

CO  t«  Ct   M  HI 

too  o>*«  «o 

lOtO  v)0  0 


to 


O  ^tO«  _ 

10  ^  to  «o 

•       •       •       •       • 

w>^  toctO 


10       H 


H   H 


10  O   M 


8  0»oo  ro 
00  toO 
•    •    •    •    • 

H   000   to\0 
too  00  M  ^ 


^tow 
•*  to  « 


e*««toto      to^'T^'f 


o 

«       ■       ■ 

WJ'ftO 

Q  to 


>o 


8 


OkOO  toO 

00   toO   lO 

.       •       •       •       • 

OoO  too  10 
«  ^|o  O  fO 
v>  w>  toOO 


10 


M  0>»«  ^  to 
HOOO  ^  to 


M  too 

MM 


M  M  e« 


M  QOOO  to 
M   O   to  to  (O 

•        •       •       •       • 

«  O  to  to  to 
CI  tOtoO  to 
M   M   «   to  to 


H   M   to 
MOOO 

■  •  • 

MOOO 
000    M 

CO  to  ^ 


5S    8 


to 


000   tOM 

tolO  tOM 

•      •      •      • 

81010  to  M 
«    1000    M 

v>  to  to  too 


8 

H 

» 

Ui 

Z 
O 


to  (o  Q  «^  Q 
o  to 00  O 

t        •        •        •        • 

O  tOOO  Q 
O  tOOOO  o 

H   H   M   M   C« 


too 
to  O 


*^9  t" 

toOO 

t<o  do  to  d 

M   TJ■^0   O"  « 

c«  «t  CI  CI  to 


00    C<   to  ! 

t*  CiO 


to 
to 


o 
to 


to  C«0   M   to 

0>  C«    ^toOO 


4oo  to 

»      »       •       •       • 

too  ^00  to 
O.  fi  ^o  o» 
M  c«  c«  c«  e« 


Q>M   too  to 

o5  M  to  too 

•       •       •       •       • 
MQ     M     <0*00 

25  M  to  too 

H   M   H   M 


00  Q  M 

toO    ft 


5«^ 


8«  ^o 


*":      >o 

M    C«    Ct    Ct    « 


to  to  Q  10  to 
o  to 00  to 


O  to  QO 


^lo  O  «  w? 

to  to-*^^ 


8   to  to  O   to 
O  tOOO 

•       «       •       •       • 

*  O  too  00 
^10  to  to  to 


00  «<  r«MO 

toC«0   M   to 

•       •       •       •       • 

»o  t%\0   M   to 
M    <*0    0>M 

to  to  to  to  ^ 


S^OtOOO 
^00  to  10 


I 


^00  tOlo 
006    M   to 

^^10  to 


9  M  too  00 

00   M   to  to  to 

*       ff       w    •       • 

00   M   to  to  to 

00    M    to  to  to 

M  to  to  to  t*J 


«  "♦Oo^ 

Um 


OO  O  «  ^v)     000  O  M  ^     OCOO«* 


HHHM  MMMCim 


C«  ««  to  tO' 


000   O   M  ^ 


EXPANDED  METAL 


5SS 


«  00  ^  <«  ^  <«  fO  lOOQ  o  «ooo  c« 
OOOOOOOOOmhOm 


CO 


dddododdddodd 


8 


1/3 


xxxxxxxxxxxxx 


O0ei<«>0>0>0«i000r«'^<^ 


a 


I 

C/3 


I 


r*  ^00 


•  •••••••••• 

ooooooooooo 


xxxxxxxxxxx 

fe  *  «  «  «  «  «  %  «  *  « 


O  M  o  M  **o  >o  >o  w»  t  «*> 


dta 


v)V>V>V>0  V}V)V)«0«O  too  u»  ( 


5 


CA 


.81 

I 


c/3 


So 


K  V  K  ^  V 
H  M  H  H  M 


«  «  «  «  «*.  ««  i 

HMMHH(>M» 


X  S  S  S  S  S  8  S  S  S  »  S  » \ 

"A  00  ao  00  eo  00  00  00  00  do  00  00  OB  a 

gXXXXXXXXXXXX) 

V  *.  *.  *  •%_>_•*_*  *•_  ^  ^  H^  « 
n^O  ^  v>«0  >0  O  '♦O  lo  v>  ^  v>  I 


«  Q. 


C/3 


Tt  o  OvO00OOQO00r^et<^v 
is.oq  «^  "^  «  ^'^  o» «  «o  o  ^00  ' 

M   M   «f  *    I 


§8.0:9 


9  *^  t''C  *000  00  »^>0  O  O  fO  v; 

9  2  O  o  oo  ^  •'.'O  to  o  8  o  ^ 

•   •••••••••••• 

ooooooooooooo 


lis 


c/3 


Is 


•p  JS- 


t^c/sSHc/SKCOval 


II 


OOiC«t<«000  OO^OvOO  "^ 


& 


1 


556  OFFICE  PRACTICE 

Table  48.    Table  of  Round  and  Square  Bar  Weights 


Round  Baxs 

Plain  Sq 

uare  Bars  and  Twisted 
Square  Bars 

Diameter 

Area 

Weight. 

Area 

Weight 

• 

i 

.0491 

.167 

i 

.0625 

.212 

A 

.0767 

.261 

^ 

.0977 

•332 

i 

.1104 

.376 

i 

.1406 

-478 

A 

.1503 

.511 

^ 

.1914 

.651 

i 

.1963 

.668 

i 

.2500 

.850 

^ 

.2485 

.845 

^ 

.3164 

1.076 

i 

.3068 

1.043 

f 

.3906 

1.328 

^ 

.3712 

1.262 

^ 

^727 

1.607 

i 

.4418 

1.502 

.*. 

.5625 

1-913 

H 

.5185 

1.763 

*,* 

.6602 

2.245 

i 

.6013 

2.044 

* 

.7656 

2.603 

il 

.6903 

2.347 

H 

.8789 

2.988 

.7854 

2.670 

I 

1.0000 

3.400 

li 

.9940 

3.380 

l| 

1.2656 

4.303 

■*• 

1.2272 

4.172 

1} 

1.5625 

5-313 

I  ' 

14849 

5.049 

If 

1.8906 

6.428 

I.7671 

6.008 

li 

2.2500 

7.650 

Diameters  expressed  in  inches.         Areas  expressed  in  square  inches. 
Weights  expressed  in  pounds  per  foot  of  length. 
The  twisted  square  bar  is  known  as  the  Ransome  Bar. 


*  ff  mi  ;«LHi'™  .If  $ 


IF*  n^  m^ 


f^ansome  Bar. 


Kabn  Cup  Bar. 


Corrugated       Dors. 


Diamond  bar. 


ThacherBar. 


STEFX  BARS 


4666^^^^^ 
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Table  50. — Weight  of  Coksugated  Metal  Pipe 

Freight  Classification 

Diameter 

Gage  of 

Metal 

Weight  per  Foot 

Riveted 

Nestable 

12" 

16 

II      lb. 

2 

3 

15'' 

16 

I3J^    " 

2 

3 

18" 

16 

16        " 

2 

3 

21" 

16 

18        " 

2 

3 

24" 

16 

22          " 

2 

3 

30" 

14 

32          " 

I 

3 

36" 

14 

37       " 

I 

3 

42'- 

14 

44 

I 

3 

48" 

14 

SI 

I 

3 

Note. — In  carload  lots  the  freight  classification  is  No.  4  for 

Riveted  pipe,  No.  5  for  Nestable  pipe. 
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OHTS,  Dn 

(ENSIOHS, 

Etc,  Of 

Standabd  Seweb  Pipe 

Calibre,  In. 

Pik« 
per  Foot 

l^'i£^ 

«.l 

4St,. 

Thick- 

3 
4 

S  0 

30 
3° 

1 
9 

1 

i 

i 

S 

I 

45 

:S 

'% 

B 

fl 

« 

13-16 

OS 

35 

^M 

?l 

'/i 

IS 
"i8 

SO 

as 

'^ 

J| 

'l« 

14 

so 

140 

sV* 

.>< 

37 

^u 

224 

30 

353 

■)l 

310 

10.  as 

3SO      1       S 

i>i 

"'^ 

DoOBLE  Stbength  Pipe 


CaUbn,  In. 

per  Foot 

?a"x' 

ati 

s-jsr. 

Thidf- 

„^, 

7S 

;M 

K 

iM 

SO 

118 

138 

8 

;^ 

4 

SO 

190 

3K 

so 

30 

7 

390 

(J 

33s 

S 

10. as 

37S 

5 

■M 
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Table  51.    Propekhes  op 

Cambria  Standard  I-Beams 

Depth  of 
Beam 

Weight  per 
Foot 

Area  of 
Section 

Thick- 
ness of 
Web 

Width  of 
Flange 

For  Fiber  Stress 

of  12,500  lbs.  per 

Sq.  In.  for  Bridges 

bcfaes 

Pounds 

Sq.  Inches 

Inch 

Biches 

Coefficient  of 
Strength 

3 
3 
3 

550 
6.50 

7.50 

1.63 
I.91 
2.21 

.17 
.26 

.36 

2.33 
2.42 

2.52 

I3»790 
14,950 
16,180 

4 
4 
4 
4 

7.50 
8.50 

9-50 
10.50 

2.21 
2.50 

2.79 
3.09 

.19 
.26 

.34 
41 

2.66 

2.73 
2.81 

2.88 

24,850 
26480 
28,110 
29,750 

5 
S 
5 

975 
12.25 

14.7s 

2.87 
3.60 

4.34 

.21 
.36 
.50 

300 

3-15 
3.29 

40,300 
45,390 
S0490 

6 
6 
6 

12.25 

14.7s 
17.25 

3.61 
4.34 
5.07 

.23 
.35 
.47 

3.33 
3.45 
3-57 

60,520 
66,610 
72,740 

7 
7 
7 

15.00 
17.50 
20.00 

442 

5.15 
5.88 

.25 
.35 
.46 

3.66 
3.76 
3.87 

86,260 

93,290 
100,430 

8 
8 
8 
8 

18.00 
20.25 
22.75 

25-W 

5.96 

6.69 
7.43 

.27 

35 
.44 
.53 

4.00 
4.08 
4.17 
4.26 

1x8490 . 
125,400 

133,570 
141,740 

9 
9 
9 
9 

21.00 
25.00 
30.00 
35.00 

6.31 

7.3s 
8.82 

10.29 

.29 
.41 

.57 
.73 

4.33 

4.45 
4.61 

4.77 

157,260 
170,260 
188,640 
207,020 

10 
10 
10 
10 

25.00 
30.00 
35.00 
40.00 

7-37 
8.82 

10.29 

11.76 

.31 

45 
.60 

.75 

4.66 
4.80 

4.95 
5.10 

203,500 
223,630 
244,050 
264,480 

12 
12 
12 

31.50 
35.00 
40.00 

9.26 
10.29 
11.76 

•35 
.44 
.56 

5.00 
5.09 
5.21 

299,740 
317,030 
341,540 
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Table  51. — Continued 


Depth  of 
Beam 

Weight  per 
Foot 

Area  of 

Section 

Tliick- 

ness  of 

Web 

Width  of 
Flange 

For  i^iber  Stress 

of  zS,5oo  lbs.  per 

Sq.  In.  for  Briages 

Inches 

Pounds 

Sq.  Inches 

Inch 

Inches 

Coefficient  of 
Strength 

15 
15 
15 
IS 
15 

18 
18 
18 
18 

20 
20 
20 

24 
24 
24 
24 
24 

42.00 
45.00 
50.00 
55.00 
60.00 

55.00 
60.00 
65.00 
70.00 

65.00 
70.00 
75.00 

80.00 
85.06 
90.00 
95.00 
100.00 

12.48 

13.24 
14.71 

16.18 
17.65 

15.93 
17.65 
19.12 
20.59 

19.08 

20.59 
22.06 

23.32 
25.00 
26.47 

27.94 
29.41 

.41 
.46 

.56 
.66 

.75 
.46 

•56 
.64 
.72 

•50 
.58 

•6s 

.50 

•57 
.63 

.69 
.75 

5.50 
5.55 
5.65 
5-75 
5.84 

6.00 
6.10 
6.18 
6.26 

6.25 

6.33 
6.40 

7.00 
7.07 

7.13 
7.19 

7.25 

490,840 
506,490 
537,130 
567,770 
598,410 

736,620 

779,440 
816,200 
852,970 

974,600 
1,016,490 
1,057,340 

1,449,460 
1,505,430 
1,554,450 
1,603,470 
1,652,490 

Explanation  of  the  coefficient  of  strength  in  the  above  table  and 
examples  showing  use  in  practice. 

The  coefficient  of  strength  for  each  sized  beam  r^resents  the 
inaximiim  imiformly  distributed  load,  in  pounds,  tliat  will  produce  a 
fiber  stress  not  exceeding  12,500  lbs.  per  sq.  inch  multiplied  by  the 
span  in  feet. 

If  the  load  to  be  investigated  is  a  concentrated  load  it  must  be 
changed  to  an  equivalent  uniform  load  in  order  to  use  the  vsdues 
^ven.    This  is  done  by  multiplying  the  concentrated  load  by  2. 

EXAMFJ.E:  Suppose  that  it  is  required  to  determine  the  size  I-beam 
that  will  carry  a  40,000  lb.  load  in  the  center  of  a  15'  span  and  a 
uniformly  distributed  load  of  20,000  lbs.  The  coefficient  of  resistance 
for  the  concentrated  load  will  be  2  (40,000)  X  15  =  1200000 

Uniform  load       20,000   X  15  «=    300000 

1500000 

The  required  beam  must  have  a  coefficient  of  redstance  of  1500000 
plus  the  coefficient  due  to  its  own  weight.  A  24''  beam  weiglung  90 
fcs^per  foot  has  a  coefficient  of  1,554,450. 

.    The  beam  weighs  90  X  15  —  1,350.    The  coefficient  for  the  beam 
Weight  is  i,3SoX  15  =*  20,250,  which  deducted  from  1 1554,450  gives  a  co- 
efficient of  1,534,200,  which  is  slightly  greater  than  required  and 
^  safe. 
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Table  52. — Condensed  Table  op  Strength  of  Wooden  Beams 

Based  on  a  very  complete  table  published  in  the  Cambria  Steel 
handbook  to  which  the  reader  is  referred  if  he  is  using  much  data 
>f  this  kind. 

This  tabulation  based  on  factor  of  safety  of  6. 

Allowable  fiber  stress  1200  lb.  per  square  inch. 

The  loads  given  are  the  safe  total  uniformly  distributed  loads 
>er  inch  width  of  beam  for  the  span  noted  including  the  weight 
)f  the  beam. 

This  table  applies  directly  to  White  Oak  and  Long  Leaf  Yellow 
Pine. 

For  Hemlock  use  J^  of  the  load  given. 

For  Douglas  Fir,  Norway  Pine,  Cypress,  Chestnut  and  Spruce, 
ise  %  of  the  load  given. 

Note. — The  safe  concentrated  superimposed  load  is  J^  of  the 
:otal  superimposed  uniformly  distributed  load  exclusive  ^of  the 
weight  of  the  beam. 

For  weight  of  timber  see  pages  950  and  805* 


Span 

.Depth  of  Beam  in  Inches 

m 

1 

Peet 

4" 

6" 

8" 

10" 

12" 

14"   16" 

18" 

20" 

22" 

24" 

t 

535 

1200 

355 

800 

1420 

8 

270 

600 

1070 

1670 

2400 

10 

215 

480 

850 

1330 

1920 

2610 

12 

180 

400 

710 

mo 

1600 

ai8o 

2840 

3600 

\i 

150 

340 

610 

950 

1370 

1870 

2440 

3090 

3810 

135 

300 

530 

830 

1200 

1630 

2130 

2700 

3330 

4030 

4800 

18 

120 

270 

480 

740 

1070 

1450 

1900 

2400 

2960 

3590 

4270 

30 

105 

240 

430 

670 

960 

1310 

1710 

2160 

2670 

3230 

3840 

22 

95 

220 

390 

610 

870 

1190 

1550 

i960 

2420 

2930 

3490 

24 

90 

200 

360 

560 

800 

1090 

1420 

1800 

2220 

2690 

3200 

26 

185 

330 

510 

740 

1000 

1310 

1660 

2050 

2480 

2950 

28 

170 

305 

480 

690 

930 

1220 

1540 

1900 

2300 

2740 

30 

160 

285 

440 

640 

870 

1 140 

1440 

1780 

2x50 

2560 

Note. — If  a  deep  beam  is  used  for  a  shorter  span  than  shown 
in  the  table  figure  the  limiting  load  on  the  basis  of  shear  along  the 
neutral  axis.     By  the  formula 

W  ^^ 
3 
In  which  W  —  safe  load  in  pounds  uniformly  distributed. 

d  —  depth  of  beam  in  inches. 

*  b  =»  breadth  of  beam  in  inches. 

5  »  allowable  shear  in  the  direction  of  the    grain 

in  pounds  per  square  inch. 

White  pine 100  lb.  per  square  inch. 

Long  leaf  yellow  pine 150  lb.  per  square  inch. 

White  oak 200  lb.  per  square  inch. 
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Table  53. — Condensed  Table  of  Steength  of  Reinporced 
Concrete  Slabs  (Free  End  Supports) 

Safe  Uniformly  distributed  superimposed  load  per  square  foot  of 
slab  for  the  span  noted,  exclusive  of  weight  of  slab. 
Factor  of  safety  5  which  is  very  conservative, 
(Note. — For  factor  of  safety  of  4  add  H  to  the  tabular  loads.) 
Concrete  1:2:4  mix. 

Allowable  unit  stress  in  concrete. . .  500  lb.  per  square  inch. 
"  "       "     "  steel 14,000  lb.  per  square  inch. 

Note. — ^The  safe  concentrated  load  is  ^  of  the  total  uniformly 
distributed  load. 


Table  53A. — Recommended  Thickness  of  Concrete  Slabs 

VSThen  Used  in  Highway  Bridges  Under  Different  Depths  of 
Earth  or  Macadam  Fill  (Conservative  Practice) 


Span  of  Slab 

Depth  of  Pill  Over  SUb  in  Feet 

in  Feet 

I' 

2' 

4' 

6' 

8' 

10' 

12' 

2 

4 
6 

a 
10 

12 

14 
16 

18 

20 

6" 
7" 

9" 
10" 

12" 

14" 
16" 
18" 
20" 
22" 

6" 

7" 

9" 
10" 

12" 

14" 
16" 
18" 
20" 
22" 

6" 

7" 

9" 

10" 

13" 

17" 
19" 
22" 

23" 

6" 

7" 
10" 

11" 

14" 

16" 
18" 
20" 

23'' 
24" 

6" 

7" 
10" 

12" 
is" 

17" 
19" 
22" 
24" 

6" 

7" 
10" 

< 
16" 

18" 
"20" 

24" 

6" 

7" 
11" 

13" 
17" 

20 
22. 
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TabIe  55. — Condensed  Table  op  Strength  op  Timbek 
Under  Long  Column  Action 


Based  on  the  Formula  of  the  U.  S.  Department  of  Agriculture, 
ivision  of  Forestry. 

'     P  ^  p  y       700  -f  15C 

•      ^  700  -t-  15C  +  C« 

P  s:  ultimate  strength  in  pounds  per  square  inch 
F  «»         "     crushing  strength  of  timber 

C  s=  3  in  which  /  =  length  of  column  in  inches 
a 

d  —  least  diameter  in  inches 

Safe  load  per  square  inch  on  the  basis  of  a  factor  of  safety  of 
is  given  b^low.  A  factor  of  safety  of  6  is  often  used  in  good 
actice. 


d 


Sa£e  Load  in  Pounds  per  Square  Inch 


White  Oak 

and 

Long  Leaf 

Yellow  Pine 


Douglas  Fir 

and 

Short  Leaf 

Yellow  Pine 


Red  Pine,  Spruce 
Hemlock,  Cy- 
press, Chestnut 


White  Pine 
and  Cedar 


5 
10 

IS 

30 

as 
30 


600 
560 

510 

450 
400 

3SO 


SSO 
500 

450 

400 
360 
320 


480 

4SO 
400 

360 
320 
280 


420 

390 
350 

310 
280 
250 


3TE. —  3  over  30  is  not  advised. 

Or 


{b)  THE  LOCATION  OF  NEW  ROADS 

Detail  Instructions  compiled  by  the  author  for  drafting  room 
>cedure  in  connection  with  the  design  of  Mountain  Roads. 


NOTES  FOR  DESIGNERS  ON  THE  PREPARATION  OF 

PLANS 

[n  the  preparation  of  plans,  the  quickest  and  easiest  methods 
ich  will  be  sufficiently  accurate  for  the  purpose  should  be  used. 
[n  this  connection,  it  should  be  borne  in  mind  that,  as  a  rule, 
iphic  methods  are  to  be  preferred  to  computations  wherever  such 
thods  are  sufficiently  accurate.  This  wDl  probably  occur  in 
le  cases  out  of  ten. 
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When  you  consider  the  methods  which  will  be  employed  in  con- 
structing mountain  roads  and  in  staking  them  out  for  construction, 
localized  errors  in  paper  locations  are  not  important  factors  in 
determining  Uie  value  of  the  design. 

A  localized  error  in  length  of  one  foot  or  even  two  feet  per  one 
hundred  feet  on  one  curve  will  not  materially  affect  the  accuracy  of 
the  layout  or  the  quantity  of  excavation,  particularly  as  these 
errors  tend  to  balance  ana  they  are  never  cumulative. 

A  localized  error  of  o.i  foot  or  even  0.2  foot  on  the  profile  grade 
line  will  not  destroy  the  value  of  the  plans  or  the  value  of  the  esti- 
mate as  it  is  not  cumulative. 

Careful  graphic  methods  will  not  exceed  these  limits  and  the 
average  error  should  be  well  within  the  necessary  accuracy. 

A  sample  sheet  of  plan  and  profile  using  graphic  methods  is 
attached.  See  page  571.  This  shows  a  uniform  method  of  pro- 
cedure which  is  to  be  followed  wherever,  in  your  best  judgment,  the 
method  can  be  used. 

INSTRUCTIONS  FOR  DRAFTING  ROOM 

It  is  necessary  in  drafting  room  work  to  keep  all  records  and 
computations  in  as  neat  and  orderly  condition  as  possible. 

Have  on  your  desk  only  as  much  material  as  you  need  for  the 
work  you  are  doing.    Keep  the  rest  in  the  files. 

At  night  clean  on  the  tables  completely  and  place  your  working 
material  either  in  your  table  drawers  or  m  the  files.  Cover  tables 
with  cover. 

All  computations  and  maps  must  be  marked  plainly  with  the 
name  of  the  job. 

All  office  computations  which  will  become  part  of  the  permanent 
records  are  to  be  made  on  the  forms  provided  or  on  letter  sized 
sheets. 

The  designing  chief  for  each  project  will  be  responsible  for  the 
following  notations  on  all  records. 

Name  of  job  on  each  separate  sheet  or  roll  of  computations 
and  plans. 

Name  of  computer  on  each  sheet. 

Name  of  checker  on  each  sheet. 

The  methods  employed  in  all  work  should  be  shown  in  enough 
detsdl  to  make  it  possible  for  anyone  to  check  the  results. 

DRAFTING  ROOM  SUPPLIES 

Tracing  cloth,  plain,  25"  wide i .  7  yd.  per  nulc 

DeUil  paper  (36"  wide)  (i  lb.  =  8'  of  36"  paper) 

Hib.  ;*    " 

Cross-section  paper  (<^>aque)  (used  for  profiles)  23"  wide 

X .  7  yd.  per  mile 
Transparent  cross-section  paper  {22"  wide)     6      "     "      " " 

Cross-section  sheets  (18"  X  24") 12   sheets  per  mile 

Cost  per  mile,  office  supplies,  $1.50. 
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DETAIL  INSTRUCTIONS 

Mountain  Road  Design 

These  instructions  have  been  prepared  in  detail  as  many  of  the 
len  have  no  idea  of  the  order  of  work  or  reasonable  speeds  on  the 
arious  parts  of  the  design  and  in  many  cases  they  waste  time  b^ 
eedless  work  on  the  rough  plans.  The  cost  of  design  work  is 
ften  high  on  account  of  the  inexperience  of  the  force.  By  a 
areful  study  of  these  instructions  some  improvement  in  speed  and 
ost  should  be  obtained. 

Speed  of  Work. — ^The  following  list  of  reasonable  speed  is  based 
n  a  seven  hour  working  day  for  the  average  man.  If  you  are  not 
qualing  this  rate  ask  the  chief  draftsman  to  see  if  he  can  help  you 
nd  the  cause. 

General  Speed. — Two  miles  per  month  per  man  of  completed 
lans  when  men  are  experienced. 

About  I  Ji  miles  per  month  per  man  when  force  is  not  used  to 
oad  design. 


Detail  Reasonable  Speed 

Division  of  Work  Approximate  Miles 

per  Day,  per  Man 

I.     (a)  Plotting,  checking  and  inking  base  line 

and  plotting  topography 1.5  miles 

*(b)  Base  line  profile  complete 3.0     " 

*(c)  Plotting  and  checking  cross-sections i  .0     " 

(d)  Inking  cross-sections 1.5 


<( 


2.     (a)  Trial  grade  line 7.0     ** 

*(&)  Projecting  grade  contour  on  map 1.5     " 

(c)  "        final  center  line i.o     " 


3.  *(fl)  New  center  line  profile i .  o 

♦(&)  -  -        - 


it 


Balanced  section  profile 1.5 

(c)  Trial   final   grade   based   on   balanced 

profile 1.5 

(d)  Drawing  templets  on  sections. 2.0 

(e)  Planimeter  sections  and  compute  quan- 

tities  0.8     " 

*(f)  Determine  final  grade  line  and  balance 

quantities 0.4 

(g)  Ink  final  grade  line 7.0 


4.    (a)  Compiling  estimate 2.0 

$,    (a)  Tracing  plans 0.6 


ti 


a 


Note. — ^Indicates  work  that  can  be  done  to  advantage  by  two 
men  working  together. 
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Reasonable  Cost 

General  Cost      \  $40  to  $50  per  mile  with  experienced  men  - 
Completed  Plans  /  $80  to  $100  "      "       "      inexperienced  m 

Detail  Costs 

Based  on  the  following  wages: 

Designer     $150.00  per  month 
Draftsman    110.00   "       " 
Tracers  90.00   "      " 

Computers      80.00  "       " 

Cost  per  Mii 

1.  (a)  Detailed  paper  map $  2 .  50 

(b)  Base  line  profile i .  00 

(c)  Plotting  and  checking  cross-sections 3 .  00 

(d)  Inking  cross-sections 2 .  00  ^e' 

2.  (a)  Laying  trial  grade i .  00  , 

(b)  Projecting  grade  contour 3 .  00 

(c)  Projecting  final  center  line 8 .  00 

3.  (a)  New  center  line  profile 3  ■  50 

(b)  Balanced  section  profile 4 .  00 

(c)  Trial  final  grade  based  on  balanced  profile  4 .  00  fi^ 

(d)  Templets  drawn  on 3 .  00  F*" 

M  Planimeter  and  computation  of  quantities  4.00  { 

(/)  Determine  final  grade  line  and  balance 

quantities 10 .  00 

(g)  Ink  in  final  grade  line .50 

4.  (a)  Compile  estimate 3 .  00 

5.  (a)  Trace  plans 5 .  00 ' 

Total $57 .50 
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DETAIL  MANIPULATION 

General  Note. — Get  all  information  on  rou^  plans  and  profiles 
needed  by  the  tracer,  but  do  not  ink  anythmg  not  likely  to  be 
erased  during  the  design  and  do  not  attempt  to  print  notes,  etc. 
A  great  deal  of  time  is  being  wast-ed  every  day  by  unnecessary 
work  on  the  rough  plans.  We  appreciate  that  good  work  has  been 
done,  but  further  improvement  can  be  made. 


lat^H^^ggj 
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Be  careful  to  mark  the  name  of  the  road  on  all  rolls,  sheets,  etc. , 
before  starting  work. 

We  do  not  expect  you  to  follow  these  mstructions  absolutely  but 
the  system  outlmed  has  been  proved  in  practice  and  it  is  expected 
that  you  will  follow  the  principles,  give  the  information  called  for 
and  that  you  will  eliminate  useless  work. 

Preliminary  Work: 

I.  (a)  Map.     (See  Sample  Map.)     (One  Man  working  alone.) 
The  map  is  drawn  on  a  roll  of  detail  paper  18"  wide. 

Scale  i"  =  100'.     In  exceptionally  hard  locations  use  i"  =  50' 

Order  of  Work 

1.  Plot  base  line  in  pencil  (6H)  using  vernier  protractor  or 
tangent  method  in  plotting  angles  and  careful  scaling  for  distances 
between  transit  points.  Plot  bearing  of  each  course  from  north 
line  drawn  through  each  transit  point. 

2.  Check  this  plotting. 

3.  Ink  in  the  base  line  with  a  fine  solid  black  line  and  mark  the 
transit  points  with  small  circles. 

4.  Mark  the  even  stations  with  a  short  ink  dash  and  number 
every  fifth  station  in  black  ink.  Mark  station  of  transit  points  in 
black  ink. 

5.  Mark  true  bearing  or  azimuth  on  each  course  in  black  ink 
and  check. 

6.  Show  the  location  of  each  cross-section  by  a  fine  red  ink  line 
extending  far  enough  from  the  base  line  to  reach  any  center  line 
shift  and  check.  Do  this  work  very  carefully  as  your  center 
line  distances  will  be  affected. 

7.  Plot  topography  in  pencil  (4H)  making  the  lines  heavy  and 
firm  so  it  can  be  easily  traced  without  inking.  DO  NOT  INK. 
Write  all  notes,  property  names,  etc.,  in  large  plain  long  hand. 
DO  NOT  PRINT.  Use  4H  pencil  with  a  blunt  point  so  tracer 
can  read  easily. 

I.  (b)  Base  Line  Profile.    (See  Sample  Profile.) 

Use  he?.vy  white  paper  roll  22  inches  wide  ruled  in  squares  10 

to  the  inch. 

Scales. — Use   i"  =  100'  horizontal  or   i"  =  50'   horizontal   to 

agree  with  the  map  scale.    Use  i"  =  10'  vertical. 

Order  of  Work 

1.  One  man  mark  even  stations  in  pencil  along  upper  margin. 
Use  4H  pencil  with  blunt  point  and  make  the  figures  large  and 
distinct,  out  don't  be  fussy. 

2.  (Two  men.)  One  man  calling  from  notes.  Other  man  write 
in  pencil  on  profile  the  elevations  of  base  line  at  even  stations  and 
pluses. 

Record  these  elevations  in  tens,  units  and  tenths.  Do  not 
record  hundreds  and  thousands.  These  can  be  easily  determined 
by  the  datum  on  the  profile  and  their  omission  saves  time. 
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Abo,  write  pluses  of  stationing  on  margin.  Use  4H  pencil, 
large  plain  figures,  but  do  not  be  fussy.     Check  back  these  ^ures. 

3.  (One  man.)  Plot  profile  points  by  referring  to  elevations 
marked  in  pencil.  If  reasonable  care  is  taken  in  plotting  this 
need  not  be  checkeil. 

4.  Ink  in  ground  line  with  light  firm  black  ink  line. 
I.  (c)  Cross-sections.    (See  Sample  SheeL) 


Fig.  136. 


Plot  on  transparent  cross-section  p&pet  cut  in  sheets  21"  X  36" 
and  ruled  1"  =  10  parts  or  i"  =  5  parts  heavy  and  5  sub-divisions 

Scale. — Use  i"  =  5'  except  foe  exceptionally  heavy  work  when 
1"  =  10'  may  be  used. 

Elccations. — Pomts  must  be  plotted  by  their  absolute  elevation 
referred  to  the  datum  used  for  the  Bench  levels.  The  heivy  lines 
outlining  each  squa.re  inch  must  be  used  as  an  even  S  ft.  or  10  It. 
of  absolute  elevation. 
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Order  of  Work.     (Two  men  work  together) 

1.  Mark  base  line  verticals  and  use  same  vertical  for  all  sections 
in  each  row.  Generally  two  rows  of  sections  can  be  placed  on 
each  sheet. 

2.  Plot  ground  line  section  points  by  dot  surrounded  by  small 
•circle  and  write  in  pencil,  vertically,  on  the  base  line  the  elevation 

of  the  ground  at  tne  base  line.  Write  on  the  right  hand  margin 
directly  opposite  and  level  with  the  intersection  of  the  ground 
line  and  base  line,  the  base  line  station  and  note  it  as  B.  L.  Sta. 
123  +  20. 

3.  Check  all  operations  of  plotting  and  recording  by  reading 
back  from  the  actual  plotted  elevations.  No  corrections  need  be 
made  for  errors  of  o.i  ft.  Correct  for  any  larger  errors.  It  is 
extremely  important  that  the  cross-sections  be  accurately  plotted 
and  carefully  checked  as  the  design  depends  more  on  this  phase 
of  the  work  than  on  any  other  part. 

Elevation  and  distances  farther  than  40  ft.  from  B.  L.  should  be 

•1      .       37-6  Elev. 
written  in  pencil,  viz.,  - —  ^x*  ^ 
^        '  45   Dist. 

1.  (d)  Inking  Cross-sections.    (One  Man.) 
Ink  in  checked  pencil  cross-sections. 

Use  firm,  moderately  heavy  line  (black  ink)  for  the  ground  line. 

Use  large  black  ink  heavy  line  letters  and  figures  in  marking 
Base  Line  elevations  and  station  numbers. 

Note. — The  Cross-sections  must  he  inked  before  they  are  used 
in  the  design, 

DETAIL  MANIPULATION 

Grade  Line  Design. — 2.  (a)  Trial  Grade  Line.  (One  Man,  the 
Designer.) 

On  the  base  line  profile  draw  on  a  trial  grade  in  pencil  (6H) 
using  fairly  long  straight  grades  and  cutting  every  bump  and  filling 
every  hollow. 

Remember  that  the  object  of  the  trial  grade  is  to  smooth  out  the  profile 
on  sidekiU  work  by  center  line  shift. .  It  is  fundamentally  different 
from  the  final  grade  line  which  endeavors  to  follow  the  new  center  line 
profile  as  closely  as  possible, 

2,  (b)  Projecting  Grade  Contour  on  Map.    (Two  Men.) 

The  grade  contour  should  only  be  determined  on  sidehill  work 
where  the  center  line  can  be  shifted  to  advantage.  Designers  are 
cautioned  not  to  use  the  grade  contour  method  in  flat  or  rolling  country. 
Never  destroy  good  alignment  in  ectsy  country.  It  is  pr&ferahle  to 
use  an  undulating  grade. 

Order  of  Work 

I.  On  each  cross-section  determine  the  distance  right  or  left  of 
the  base  line  where  the  trial  grade  line  elevation  for  that  particular 
section  hits  the  ground  line.  Locate  this  by  means  of  the  absolute 
elevation  of  trial  grade  determined  graphically  from  the  grade 
profile. 
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Do  not  determine  this  point  by  the  method  oj  base  line  proJUe, 
cut  or  fill  as  this  later  method  introduces  more  chance  of  error. 

2.  Note  the  location  of  these  points  by  a  light  pencil  vertical 
dash  and  write  in  pencil  lightly  the  number  of  feet  from  the  base 
line.     ' 

3.  Check  this  work. 

4.  Plot  these  points  on  the  detail  map  and  mark  them  by  a  pin 
hole  surrounded  by  a  small  red  ink  circle. 

5.  Check  this  plotting. 

2.  {c)  Projectmg  Final  Center  Line.    (One  Man,  Designer.) 

1.  Draw  on  map  the  proposed  center  line  in  pencil  (6H)  fol- 
lowing as  closely  as  possible  the  grade  contour  marked  with  the 
red  circles,  considering  the  limitations  of  alignment  imposed  by 
reasonable  engineering  considerations  and  the  type  of  road  desired. 
This  work  should  be  very  carefully  studied  and  is  a  slow  operation. 
The  curves  should  be  drawn  with  the  standard  office  curves  or 
compass  and  their  radii  noted  in  pencil.  The  approximate  loca- 
tions of  the  P.  C.'s  and  P.  T.'s  should  be  shown  oy  short  pencil 
lines  perpendicular  to  the  tangent.  If  possible  short  tangents 
should  separate  curves  but  this  limitation  must  be  used  with 
judgment  and  is  not  intended  to  apply  to  extremely  difficult  or 
costly  locations. 

Make  this  projection  with  sufficient  care  so  that  the  center  line 
is  practically  settled  on  at  this  point  of  the  design.  This  is 
important. 

2.  Mark  the  even  stations  on  the  new  center  line  continuously 
by  scaling.  Use  a  standard  scale  on  the  tangents  and  the  stepping 
method  with  dividers  on  curves.  Check  this.  Do  not  use  the 
stepping  method  on  tangents  as  it  generally  introduces  a  cumulcUive 
error.    Number  every  fifth  station  plainly  in  large  figures. 

3.  Mark  lightly  in  pencil  the  new  center  line  stationing  where 
each  base  line  cross-section  line  previously  drawn  in  red  on  the 
map  intersects  the  new  center  line.     Check  this, 

4.  Mark  lightly  in  pencil  at  each  of  these  cross-sections  the 
distance  from  the  new  center  line  to  the  base  line  and  check  this. 
You  are  now  ready  to  transfer  the  location  of  the  final  center  line 
to  the  cross-sections  and  plot  the  £nal  center  line  profile. 

3.  (a)  New  Center  Line  Profile.    (Two  Men.) 

Order  of  Work 

1.  Mark  on  cross-sections  with  a  short  vertical  distinct  pencil 
arrow  the  location  of  the  adopted  center  line  determined  by  the 
previously  scaled  and  noted  offset  marked  on  the  plan.    Check  them. 

2.  Directly  under  the  noted  base  line  station  on  the  right  hand 
margin  of  the  cross-section  sheet  write  in  pencil  the  new  center 
line  station  for  each  corresponding  base  line  station  as  previously 
determined  and  shown  on  the  map.    Check  this. 

3.  Mark  in  pencil  the  absolute  elevation  of  the  ground  at  the 
new  center  line.     Check  this. 

4.  Plot  the  true  center  line  profile  using  the  true  center  line 
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3rizontal  distaifces  and  stationing,  the  true  center  line  ground 
evations  as  shown  on  the  cross-sections  and  showing  (as  per 
imple  profile)  the  equivalent  B.  L.  stationing  at  each  section. 

Use  the  same  manifnUaiion  methods  as  regards  pencil  and  ink  as 
ascribed  far  base  line  profile, 

3.  (b)  Balanced  Section  Profile.  (Made  by  Designer  and  one 
[elper.) 

Note. — At  this  point  eliminate  from  all  further  consideration 
le  base  line  profile  and  trial  grade.  A  great  many  men  attempt 
>  make,  the  final  grade  similar  to  the  trial  grade  which  is  absolutely 
le  wrong  principle  except  where  a  ruling  grade  governs. 

Order  of  Work 

1.  Select  the  templet  suitable  to  the  cross-section  under  in- 
estigation. 

2.  Shift  this  templet  up  and  down  (with  the  center  line  always 
oincidlng  with  the  final  center  line  location  previously  marked 
n  the  cross-section)  till  it  reaches  a  point  wnere  by  inspection 
''ou  judge  that  the  cut  area  will  make  the  fill  area  as  shown.  Mark 
he  center  line  elevation  of  the  templet  lightly  in  pencil  with  a 
hort  horizontal  dash  and  write  lightly  the  absolute  elevation 
»f  this  dash. 

3.  Plot  the  center  line  elevations  of  these  balanced  templets 
>n  the  new  center  line  profile  for  each  section  by  a  pencil  dash  using 
he  absolute  elevation  previously  determined.  Do  not  plot  by 
>lus  or  minus  from  the  ground  line  as  this  introduces  more  chance 
ff  error, 

4*  Check  this  plotting  very  carefully. 

5.  Ink  the  short  dashes  with  red  ink  but  do  not  connect  these 
iKunts. 

Note. — This  portion  of  the  work  is  very  important  particularly 
m  a  fairly  uniform  profile.  By  the  use  of  these  balanced  templet 
llevations  the  final  grade  can  generally  be  balanced  with  less  work, 
ihorter  hauls  and  from  10%  to  30%  less  excavation  than  if  a  hit 
)r  miss  method  based  on  ground  line  is  used.  I  cannot  over- 
•mphasize  the  value  of  this  part  of  the  de^gn.  On  an  extremely 
rough  profile  requiring  a  succession  of  heavy  cuts  and  fills  it  is  not 
applicable  nor  advised. 

3.  (c)  Trial  Final  Grade  Based  on  Balanced  Templet  Elevation. 
[Designer  must  do  this  personally.) 

Order  of  Work 

I.  Lay  grade  line  on  center  line  profile  (in  fine  pencil  6H)  fol- 
lowing as  nearly  as  possible  the  balanced  elevations  shown  by  the 
red  dashes  previously  plotted  on  the  profile. 

Except  where  a  ruling  grade  is  encountered  or  where  a  tangent 
^rade  will  hit  the  majority  of  the  indicated  balanced  elevations,  a 
rolling  grade  is  to  be  preferred,  this  can  be  laid  out  most  econom- 
ically by  a  succession  of  vertical  curves  selected  to  fit  the  conditions. 
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These  curves  are  drawn  on  the  profile  by  the  standard  office 
curve  templets  and  the  radius  noted.    There  is  no  nc 
drawing  the  tangent  grades  to  intersection  a9  all  the  elevat 
the  vertical  curves  can  be  determined  graphicsdly.    The 
rates  of  grade  should  be  laid  out  to  some  even  tenth  and 
between  the  ends  of  the  vertical  curves. 

2.  Determine  elevations  of  grade  line  at  each  point  wl 
section  occurs  and  write  this  elevation  in  heavy  pencil  aboi 
grade  line.    Do  not  record  hundreds  or  thousands  in  these 
tions.    Determine  these  elevations  graphicsdly  on  vertical 
and  by  figuring  on  tangent  grades. 

3.  Check  these  elevaiions. 

4.  Transfer  each  elevation  to  the  cross-sections  by  recording  H 
pencil  directly  under  the  center  line  stationing  on  the  right  lui 
margin  of  the  sheet.    Check  this  transfer, 

3.  {d)  Drawing  in  Templets.     (Designer  should  do  this.) 
Note. — This  work  should  be  done  by  the  designer  as  consided 

judgment  must  be  exercised  in  the  selection  and  variation  of  I 

standard  sections. 

Order  of _Work 

I.  Draw  in  proper  templet  making  its  center  line  elevation  a^ 
with  grade  elevation  previously  recorded  under  the  station  nook 
Use  a  4H  pencil  with  a  fine  point  as  many  of  these  templets  1 
have  to  be  changed  before  the  design  is  accepted. 

3.  {e)  Planimetering  Areas. 

Methods: 

Various  methods  can  be  used  depending  on  the  kind  of  pb 
meter.  So  long  as  care  is  taken  and  a  double  run  is  made  to  dH 
the  initial  run  any  desired  method  will  be  satisfactory. 

With  a  fixed  arm  planimeter  reading  directly  to  square  inche 
double  run  divided  by  8  is  the  usual  practice  for  a  5'  scale. 

With  an  adjustable  arm  planimeter  it  can  be  set  to  read  s(]i 
feet  directly  on  the  second  run  or  can  be  set  to  read  cubic  yards] 
100  ft.  directly.    The  last  method  is  a  great  time  saver. 

Order  of  Work 

1.  Check  the  correctness  of  templet  plotting  by  compii 
templet  elevation  with  grade  elevation  marled  on  the  margin. 
planimeter  man  is  responsible  for  checking  the  templet  plotting, 

2.  Test  planimeter  before  using  and  at  frequent  interm 
see  it  is  recording  correctly. 

3.  Planimeter  the  areas  checking  by  a  double  run. 

4.  Record  the  areas  of  cut  and  nil  in  pencil  at  the  right  of 
sections  to  nearest  ft.  as  C  »  ai 

F  «  20. 
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COMPUTATION  OF  GRADING  *  QUANTITIES 

Order  of  Work 

1 .  (Two  men.)  Transfer  center  line  stationing  and  areas  for  each 
cross-section  to  the  standard  computation  sheets.  Check  this 
transfer. 

2.  (One  man.)  Compute  quantities.  If  areas  are  in  sq.  ft.  com- 
pute quantities  in  cubic  feet.  This  is  an  order;  no  discretion  is 
aUawed,  The  reason  this  is  specified  is  because  it  has  been  deter- 
mined from  practice  that  it  is  quicker  and  more  accurate.  The 
more  or  less  prevalent  method  of  computing  each  quantity  in 
yards  will  not  oe  allowed.  The  use  of  cubic  feet  keeps  all  work  in 
full  units  and  eliminates  90%  of  the  transfers,  feet  to  yards.  We 
have  proved  from  checking  that  too  man^  mistakes  are  made  in  the 
decimal  point  on  detail  yardage  quantities. 

3.  Chech  Detail  Computations. — This  means  check  every  phase 
of  the  computations,  distances  between  sections,  extensions,  addi- 
tions, etc. 

3.  (0  TV»1<^nftin£r  Final  Grade  line.    (Designer  and  one  helper.) 
This  portion  of  the  design  is  very  slow  and  requires  more  judg- 
ment than  any  other  feature. 

(a)  It  is  desirable  to  balance  in  as  short  sections  as  possible  as 
this  results  in  cheaper  excavation  methods.  A  continuous  balance 
means  plow  and  road  machine  tumpiking  which  is  very  cheap. 

Short  balances  mean  scraper  longitudinal  haul  and  machine 
finish  which  is  moderately  cheap. 

Long  balances  mean  wagon  haul  which  is  expensive. 

(b)  It  is  desirable  to  balance  with  a  downhill  haul  on  noticeable 
grades.  ^ 

(c)  It  is*  desirable  to  proportion  the  cut  to  fill  so  that  dirt  is  not 
wasted. 

This  last  is  entirely  a  matter  of  judgment. 
If  the  ground  is  bare  and  classed  as  common  the  following  ratios 
will  not  be  far  out: 

Volume  of  Exc.         '  Ratio  Cut 

per  Station  to  Pill 

30  yd.  to  50  yd 1.30  to  1.25 

60  yd.  to  100  yd    '. i .  25  to  i .  18 

Above  100  yd i .  15  to  i .  10 

If  the  ground  has  a  thick  carpet  of  humus  or  a  heavy  stand  of 
large  trees  the  grading  conditions  can  not  be  definitely  determined 
unUl  the  clearing  and  grubbing  is  completed.  In  such  a  case  the 
grade  line  should  be  noted  as  tentative  and  the  resident  engineer 
on  construction  will  have  to  re-cross-section  and  re-design  the  grade 
after  the  mold  and  stumps  are  removed.  The  quantities  in  such  a 
case  can  only  be  approximated  and  should  be  made  on  the  safe 
side. 

(d)  In  balancing  quantities  it  is  usually  desirable  to  reduce  the 
larger  quantity. 
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(e)  It  is  often  cheaper  and  more  desirable  to  waste  at  places  and 
borrow  at  others.  This  should  be  borne  in  mind.  The  ratio  of 
borrow  excavation  from  pits  to  borrow  fill  is  generally  taken  at  i.io. 

(f)  In  considering  rock  cuts  and  fills  use  Trautwines'  figures, 
I  cu.  yd.  solid  rock  makes  approximately  i .7  cu.  yd.  rock  fill.  VJHtn 
the  fill  is  a  mixture  of  earth  and  rock  i  cu.  3^.  rock  will  make  i  cu.  yd. 
of  fill.  The  order  of  work  and  detail  manipulation  for  the  portions 
of  the  grade  line  that  have  to  be  changed  to  accomplish  a  balance 
are  the  same  as  for  the  original  grade  line. 

3.  (g)  Inking  Final  Grade.  After  the  grade  line  is  balanced,  ink 
it  in  with  red  ink  on  the  profile  so  it  can  be  easily  traced. 

4.  Estimate. — (Designer.) 

(i)  Drainage, — From  survey  notes  locate  culverts  on  profile  and 
draw  them  on  the  proper  cross-section  to  determine  length  and  in- 
vert elevations  ancf  outlet  ditches  if  necessary.  Do  this  work  ii 
pencil.    Make  notes  clear  and  complete. 

(2)  Bridges, — Use  standard  designs  up  to  25';  above  that  have 
design  made  by  Department  Bridge  designer. 

(3)  Compilation. — Compile  data  on  forms  provided,  using  center 
line  station  to  locate  all  structures  quantities,  etc. 

(4)  Unit  costs  will  be  determined  by  the  Office  Engineer  in  charge 
of  the  Drafting  Room  and  reviewed  by  the  District  Engineer. 

(6)  Check  all  operations. 

5.  (a)  Tracing  Hans. 

Size  of  Sheets: 

Outside  22"  X  36" 
Border    J^"  top,  bottom  and  right. 
2"  binding  edge  on  left. 

All  work  in  black  ink. 

Make  heavy  and  plain. 

Lay  out  as  per  sample  sheet. 

Check  all  tracing. 

5.  (b)  Finishing  CroBS-section  Sheets.  Do  not  ink  in  final  grade, 
templets,  or  center  line  ground  elevation  till  contract  is  let  and 
cross-section  blue  prints  are  needed  in  the  field.  This  delay  is 
advisable  as  it  is  often  necessary  to  revise  even  after  the  original 
design  has  been  accepted. 

EXPLANATION   OF  TABLE   OF  RELATIVE  WEIGHTS   OF 

OFFICE  DESIGN 

To  obtain  the  equivalent  mileage  of  completed  office  design 
multiply  the  actual  mileage  complete  to  date  of  each  sub-division 
of  the  work  by  the  precentage  shown.  Add  all  these  products 
which  will  give  you  the  total  equivalent  mileage  of  completed 
design. 

Example, — Suppose  at  the  time  a  report  is  due  you  have  10 
miles  of  map  completed,  20  miles  of  base  line  done  and  5  miles  of 
cross-sections  plotted,  checked  and  inked. 

{Continued  page  580.) 
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This  work  will  be  equivalent  to  the  following  mileage  of  complete 
office  design: 

Item 

I.  (a)  Map  lo  miles  X  5% o .  50  miles. 

I.  (b)  Base  line  profile  20  miles  X  2%    0.40 

I.  (c)  Cross-sections  plotted  and  checked  5  miles 

X  10% o .  50 

I.  (d)  Cross-  ection  inked  5  miles  X  4% 0.20 

Equivalent  miles  total  Completed  Plans  i .  60 

Suppose  the  project  is  20  miles  long. 

The  per  cent,  completion  office  design  is  1.6/20  —  8%  complete. 
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General  Speed. — Two  miles  per  month  per  man  of  completed 
plans  when  men  are  experienced. 

About  I K  miles  per  month  per  man  when  force  is  not  used  to 
road  design. 

Assumed    Speed   per   Man  per  Day  on  Various   Divisions 

OF  Work 


1.  (a) 

*  ib) 

*  (c) 
id) 

2.  (a) 

*  (b) 

W 
(a) 
(b) 
ic) 
id) 


'3. 


% 


1 . 5  miles 
3.0 
1 .0 

1-5 
7.0 

1.5 
0.8 

i.o 

1-5 

IS 
2.0 

0.8 

0.4 

7.0 

2.0 

07 


Detail  map. 

Base  line  profile. 

Cross-sections  plotting  and  checking. 

Inking  cross-sections. 

Trial  grade 

Grade  contour. 

Center  line  projection. 

Center  line  profile. 

Balanced  section  profile. 

Final  grade  line. 

Templets 

Planimeter  and  (quantities. 

Balance  quantities. 

Ink  final  grade  line. 

4.  2.0     "  Compiling  estimate. 

5.  07"  Tracmg  plans. 

*  Indicates  work  that  can  be  done  better  by  two  men  working 
together  which  will  result  in  twice  the  speed  shown. 
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CHAPTER  XIV 

COST  DATA  AND  ESTIMATES 

Author's  NoxE.^In  retaining  the  data  in  this  chapter  in  its  present  form 
the  author  wishes  to  state  that  while  the  costs  given  are  too  low  for  the  pre- 
vailing labor  wage  and  cost  of  materials  (1918)  the  analysis  of  cost  can  be 
used  by  applying  the  prevailing  wage  and  material  costs. 

Undoubtedly  the  labor  wage  scale  will  remain  permanently  at  a  higher 
level  than  shown  in  the  data  given  but  it  is  not  likely  to  remain  at  the 
present  extreme  height  and  until  comparatively  stable  times  prevail 
again,  after  the  war,  it  would  be  useless  to  attempt  to  revise  the  unit  cost  data. 

New  methods  of  construction  have  so  changed  the  cost  of  road 
improvements  that  engineers  just  going  ilito  this  work,  or  those 
not  familiar  with  present  methods,  are  often  handicapped  in  making 
estimates. 

The  cost  data  given  in  this  chapter  has  been  gathered  chiefly 
since  1907  and  covers  most  of  the  items  necessary  for  estimating 
the  cost  of  any  ordinary  road  improvement.  Such  data  must  be 
used  intelligently  or  it  will  be  niisleading.  Local  conditions 
^ould  always  govern  in  making  estimates,  and  in  presenting 
costs  it  is  best  to  describe  the  conditions  under  which  the  work 
was  performed,  leaving  their  special  application  to  the  one  using 
the  data.  An  engineer's  estimate  should  represent  the  probable 
average  bid  price.  In  the  following  examples  of  actual  cost  those 
have  been  selected  that  are  considered  to  be  average  cases.  Con- 
tractors who  have  an  unusually  good  plant  and  a  well-organized 
force  can  often  do  the  work  cheaper  than  is  shown;  on  the  other 
hand,  those  new  to  the  work  wiU  spend  more. 

Where  machinery  is  used  it  is  more  satisfactory  to  include  the 
items  of  depreciation,  repairs,  and  interest  in  a  lump-sum  item 
for  the  whole  contract  than  to  try  to  reduce  it  to  a  yardage  basis. 
These  charges  will  be  considered  under  the  headmg  of  "Plant 
and  Payroll." 

BITUMmOUS  AND  WATERBOUND  MACADAM  CON- 
STRUCTION 

Cost  of  Earth  Excavation. — Table  56  shows  the  cost  of  earth- 
work on  four  roads  in  New  York  State,  which  represent  easy, 
average,  and  difficult  work.  The  cost  per  cubic  yard  includes 
excavation  and  placing  in  fill,  shaping  the  sub-grade  for  the  stone, 
and  trimming  tne  shoulders  and  ditches.  For  heavy  fills  with 
short  hauls  wneeled  scrapers  were  used,  but  the  largest  part  of  the 
work  was  done  by  wagons. 

585 
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Cost  of  Rock  Excavation. — The  writer  has  no  reliable  personal 
data  on  ledge  rock  excavation.  Rockwork  on  roads  is  usually  a 
small  item;  the  cuts  are  small  and  consequently  expensive.  Per- 
haps there  is  no  item  more  variable  in  cost  than  small  rock  cutting. 
It  is  therefore  safer  to  take  as  a  basis  of  estimate  the  bids  of  ex- 
perienced road  contractors.  The  reports  of  the  Massachusetts 
Highway  Commission  and  bids  on  New  York  State  work  show  that 
prices  for  rock  excavation  range  from  $1.50  to  $2  per  cubic  yard, 
for  quantities  up  to  200  or  300  cu.  yd.,  and  $1.25  to  $1.50  for 
larger  quantities. 

Cost  of  Unloading  Broken  Stone. — For  making  estimates  of  the 
quantity  of  stone  required  the  following  data  on  imported  limestone 
used  on  Road  5021  will  be  useful.  The  approximate  sizes  and 
actual  weights  of  stone  on  this  work  were  as  follows: 

No.  I  Screenings,  ^  inch  screen 25501b.  per  loose  cu.  yd. 

No.  I A  Dustless  screenings  j  %  in.  screen 

with  dust  jacket 2350  "      "     "     "  " 

No.  2,  iM  in.  screen 2470  "     "      "     "  " 

No.3,2M"       "      2.^50"      "    "      "« 

No.  4,  33^   "       "      2420  "      "    "     "  " 

For  purposes  of  estimating  the  cost  of  handling  imported  crushed 
limestone,  the  following  weights  for  a  cubic  yard,  based  on  railroad 
weights,  will  be  used:  No.  i,  2600  lb.;  No.  lA,  2400  lb.;  No.  2, 
2500  lb.;  No.  3,  2400  lb.;  No.  4,  2400  lb. 

Unloading  Cars  by  Hand.-M>n  Road  5021,  with  the  author  as 
engineer,  a  number  of  short  time  (lo-hr.)  estimates  made  the  cost 
of  unloading  per  ton  $0.12  to  $0,135;  and  the  cost  per  cubic  yard 
$0.14  to  $0.16.  This  work  was  in  1910,  and  labor  cost  $0,175  P^r 
hour.  The  shoveling  was  done  from  a  steel  platform,  where  it  was 
dumped  from  hopper-bottom  cars.  When  shoveled  from  inside 
the  cars  the  cost  may  run  as  high  as  $0.20  per  cu.  yd.  The  cost 
of  shoveling  is  usually  estimated  at  $0.15  per  cu.  yd. 

The  time  of  loading  i  J^  cu.  yd.  wagons  by  hand  shoveling  will 
range  from  8  to  12  minutes. 

Unloading  Cars  with  Continuous  Bucket  Conveyor  Elevator 
Plant. — Where  there  is  a  large  quantity  of  stone  to  be  unloaded 
and  it  is  not  possible  to  install  an  elevator  plant  on  the  existing 
track,  it  often  pays  to  put  in  a  switch.  Six  car  switches  can  be 
usually  built  for  about  $300.00  Where  there  are  competing  rail- 
roads no  charge  is  usually  made. 

The  following  data  is  from  Road  No.  5046,  season  of  1910, 
with  labor  at  $0,175  per  hour.  The  plant  consisted  of  an  ordinary 
continuous  bucket  conveyor  operated  by  a  6  H.P.  gasoline  engine; 
the  bin  had  a  capacity  of  100  tons. 

The  average  fuel  consumption  was  five  gallons  of  gasoline  per 
day.     Cost  of  fuel  and  oil  averaged  $1.00  per  day. 

The  average  force  at  the  elevator  was  one  foreman  and  three 
helpers. 

A  total  of  4670  tons,  or  3890  cu.  yd.,  was  unloaded  at  $0,084 
per  ton,  or  $0,101  per  cu.  yd. 
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The  cost  was  divided  as  follows : 


Setting  up  elevator  at  Scottsville $  60 .  oo 

"        "         "        "  Mumford 40.00 

'*  Wheatland 7500 

Labor  of  operation 194 .  00 

Gasoline  and  oil 25 .  00 

Total $394  •  00 

This  method  of  unloading  is  not  only  cheaper  tHan  hand  methods 
but  also  cheapens  the  cost  of  hauling,  as  no  time  is  lost  in  loading 
the  wagons.  The  time  of  loading  a  ij^  cu.  yd.  wagon  from  bins 
ranges  from  45  to  55  seconds.  There  is  also  a  saving  in  car  demur- 
rage if  the  bin  holds  two  or  three  car-loads. 

Elevator  unloading  saves  about  $0.04  per  cu.  yd.  on  team  time 
and  about  $0.05  on  Uie.  unloading,  making  a  total  saving  per  cubic 
yard  of  about  $0.09.  It  usually  costs  about  $150  to  ship  the  plant 
and  install  it  the  first  time,  so  elevator  unloading  is  notMadopted 
unless  there  are,  at  least,  2000  cu.  yd.  of  stone  handled. 

Unloading  Cars  from  Coal  Trestle. — This  data  is  taken  from 
the  Scottsville  road  repair  work,  Mr.  Harold  Spelman,  Engineer, 
season  of  1910;  labor  at  $0.20.  per  hour;  average  lorce,  two  or  three 
men.  A  total  of  4400  tons  was  unloaded.  The  cost  divided  as 
follows : 

Rent  of  trestle $125 .00 

Labor 232 .00 

Total $3S7-oo 

Cost  per  ton 0.081 

cu.  yd o .  098 


<(       « 


Unloading  from  Canal  Boats. — The  plant  used  consisted  of  a 
portable  bin  and  a  horse-operated  derrick;  Road  5014;  Mr.  James 
Anderson,  contractor.  The  average  amount  of  stone  unloaded 
per  day  was  150  tons.  The  cost  was  $0,115  per  ton,  or  $0.14  per 
cubic  yard,  divided  as  follows: 


I  team  and  driver $4.00  (lo-hour  day) 

I  foreman 2 .  50    "     " 

6  laborers,  at  $1 .75  per  day. .      10.50 


<i     ({      « 


Total. $17.00 


((     ((       (( 


Cost  of  Hauling  Broken  Stone. — Table  57  shows  the  cost  of 
hauling  stone  on  good  roads  as  for  repair  work.  The  wagons 
were  loaded  from  bins,  so  no  time  was  lost  in  loading. 
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Table  57. — Haui.  of  Stoke  on  Good  Roads  for  Repair  Work 


Rokd 

No. 

Engiwcr  in  Chuge 

S 

Mils 

Co<t 

Harold  Spelman  .  .  . 
Harold  Spelman  . ,  . 

G.  G.  Miller 

G.  G.  MiUer  

G.  G.  Miller 

G.  G.  Miller 

G.  G.  Milldr 

G.  G.  Miller  

G.  G.  Miller 

G.  G.  Miller  

G.  G.  MiUer 

G.  G,  Miller  

G.  G.  MiUer  

So 

50 

S 

62 
62 
62 

52 
52 

6j 
62 
62 

52 
52 

i.a 

0.6 
3.0 

2-75 

I.7S 

S0.20 
0.24 

0.215 
0.23 
0.2s 
0.50 
0.17 

o.t7S 
0.17s 
o.rg 
D.215 
0.23 

to 

24 
288 
24 
26 
=  75 
30 
60 
aoS 

i 

28 

Road  No.  I,  lo-hour  day. 

Roads  No.  2  and  3,  8  hours  per  day. 

Note. — Cost  per  ton  mile  on  Roads  No.  a  and  3  equals  the  cost 
per  yard  mile,  for  teams  at  Jo.so  per  hour. 

For  hauling  on  bad  roads  for  new  construction  I  have  the  fol- 
lowing personal  data: 

Clover  Street  Road,   Section   i,  season   1908;   teams  at  (0,45 
per  hour;  dump  wagons  loaded  from  bins;  no  time  lost. 
6000  cu.  yd.,  0.6  mile  haul  cost   i6  ct.  per  ton,  or  31   ct,  per 

yard  miie. 
4S°°  cu.  yd.,  0.6  mile  haul,  cost  34  ct.  per  ton,  of  29  ct.  per 

cubic  yard  mile. 

Scottsville-Mumford  Road,  season'of  1911;  teams,  $0.45  per 
hour.     300  cu.  yd.,  1  mile  haul  (including  a  5   per  cent,  sandy 

hUl  1 900  ft.  long)  cost  $0.30  per  yard  nule. 
500  cu.  yd.,  o.5-mile  haul  (level  road  in  bad  condition)  cost  $0.30 
per  yard  nule. 

Hauling  Field  Stone  apd  Filler.— This  material  was  hauled 
from  ieWa  and  pits  where  it  was  loaded  by  hand,  and  considerable 
time  thus  lost. 

On  the  Clover  Street  Road,  Section  r,  season  of  1908,  with  the 
author  as  Engineer,  and  teams  at  $0.45  per  hour,  10,000  cu.  yd. 
of  field  stone  were  hauled  an  average  of  one  mile  for  to.36  per  yard 

On  the  Scottsville-Mumfotd  Road,  season  of  igti,  with  the 
author  as  Engineer,  and  teams  at  $0.45  per  hour,  500  yd.  of 
field  stone  were  hauled  0.3  mUe  at  S0.14  p>er  cu.  yd.,  or  $0.70  per 
yard  mile.  On  the  same  work  ioo  cu.  yd.  of  filler  were  hauled 
0.2  mile  for  $0.15  per  cu.  yd^  or  $0.75  per  yard  mile. 

For  aU  short  hauls  under  )4  mile  the  cost  is  high  and  practically 
the  same  on  account  of  the  larger  percentage  of  time  lost  m  loading. 
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Mechanical  Hauling. — This  method  has  not  come  sufficiently 
into  general  use  to  be  considered  in  estimating,  in  the  writer's 
opinion,  unless  it  is  difficult  to  get  teams.  It  rarely  pays  to  use 
traction  engines  for  less  than  a  three-mile  haul,  even  on  a  hard 
road.  In  case  they  are  used  a  light  engine  or  road-roller  and  a 
train  of  ordinary  dump  wagons  are  more  satisfactory  than  a  heavy 
engine  and  large  5  or  7  cu.  yd.  cars.  For  maintenance  and  repair 
work,  however,  automobile  trucks  are  the  most  economical.  Under 
favorable  circumstances  mechanical  hauling  will  cost  about  1 2  to 
15  cents  per  yard  mile  considering  interest,  depreciation,  etc. 

Cost  of  Loading  Local  Fence  Stone  into  Wagons. — ^Road  No. 
5046,  W.  G.  Harger,  Engineer,  season  of  191 1, 
Labor  $0,175  P^r  hour. 
2200  cu.  yd.,  Doulders  loaded  at  a  cost  of  $0.14  per  cu.  yd. 

A  gang  of  six  men  will  take  from  9  to  13  minutes  in  loading  i  J^ 
cu.  yd.,  depending  upon  the  size  of  the  stone. 

Road  No.  495,  E.  E.  Kidder,  Engineer,  season  of  1911, 
Labor  $0,175  per  hour. 
1080  cu.  yd.,  boulders  loaded  at  a  cost  of  $0,184  per  cu.  yd. 

Road  No.  492,  E.  E.  Kidder,  Engineer,  season  of  191 1, 
Labor  $0,175  per  hour,  300  cu.  yd.,  loaded  at  $0,137  per  cu.  yd. 

COST  OF  SPREADING  STONE  AND  BINDER 

Table  58,  page  591,  gives  the  cost  of  spreading  broken  stone  on 
several  New  York  State  roads. 

The  ratio  of  the  loose  to  the  rolled  depths  varies  with  the  size 
of  the  fragments  and  Uie  depth  of  the  course.  Table  59,  page 
591,  gives  the  averages  of  the  results  obtained  from  1000  test 
holes  made  by  the  writer  on  three  separate  roads.  The  last 
column  of  the  table  also  gives  the  weights  of  No.  3  and  No.  4 
stone  required  to  make  a  cubic  yard  of  rolled  macadam.  The 
amount  of  filler  or  binder  per  cubic  yard  of  rolled  macadam  is 
given  in  Table  60,  page  591. 

The  excessive  amount  of  filler  required  for  the  2-inch  bitumi- 
nous macadam.  Table  60,  was  due  to  a  layer  of  screenings  placed 
under  the  No.  3  stone,  all  of  which  did  not  act  as  a  filler.  The 
small  amount  required  for  the  3-inch  bituminous  macadam  was 
due  to  the  fact  that  the  bituminous  binder  partially  filled  the  voids 
before  the  screenings  were  applied. 

The  ratio  of  loose  to  rolled  depth  for  boulder  sub-base  is  variable. 

If  the  size  of  boulders  is  practically  the  same  as  the  depth  of 
the  course,  that  is,  if  there  is  only  one  layer  of  stone,  the  loose 
depth  and  the  rolled  depth  will  be  the  same.  Where  there  are 
two  or  three  layers  of  boulders  the  ratio  is,  approximately,  i :  1.25, 
i.e.,  a  12-inch,  rolled  depth  would  require  15-inch  loose  depth  for 
boulders  averaging  5  to  6  inches  in  diameter. 

Cost  of  Loading  Filler  at  Pit — On  the  Clover  Street  Road, 
Section  i,  during  the  season  of  1908,  with  the  author  as  engineer 
and  labor  at  $0.15  per  hour,  400  cu.  yd.  of  sand  filler  were  loaded 
at  a  cost  of  $0.12  per  cu.  yd.    On  the  ScottsviUe-Mumford  Road, 
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with  labor  $0,175  per  hour,  200  cu.  yd.  were  loaded  at  a  cost   of 
$0.13  per  cu.  yd. 

Table  58. — Spreading  Stone 


Refer- 
ence 
No. 

Engineer 

Labor 
Wage 

Depth  of 
Loose 
Spread 

Amount 
Spread 

Cost 
per  Ton 

Cost 

per  Cu. 

Yd. 

z 
3 
2 
3 

Harold  Spelman    . . 

W.  CHarger 

W.  G.  Harger 

W.  G.  Harger 

I0.20 
O.I7S 
0.1 75 

0.30 

4  in. 
si  in. 
4  in. 
6" 

7000  tons 
6000  cu.  yds. 
4500  "      " 
1000  "     " 

$0,066 
0.05 
0.07 

I0.08 
0.06 
0.083 
0.05 

1 

Placing  sub-base  stone 

3 
3 

W.  G.  Hatgcr 

W.  G.  Harger 

£.E.  ladder 

E.  E.  Kidder 

O.I7S 
O.I7S 
0.1 75 
0.175 

7  in. 

10  "  gravel 
6  « 
6  " 

TOO    "       " 

200  "      " 

267   "     " 

1082  "      " 

— 

o.zo 
0.04 
0.07 

O.Z2 

Table  59. — ^Ratio  of  Loose  to  Rolled  Depth 


Size  of  Stone 

Rolled  Depth 

Loose  Depth 

Ratio 

Weight  per 

Cubic  Yard 

Rolled  Measure* 

No.  4 

No.  4 

No.  3 

No.  3 

4  in. 

3   " 

3  " 
2   " 

5.2  in. 

3.8  " 

3.9  " 

2.4  " 

1-3 
1.27 

1.3 

1.2 

3120  lbs. 

3050  ;; 

3120 
2880     " 

Table  60. — ^Amount  of  Filler 

and  Binder  Required 

Kind  of  Course 

Kind  of  Filler 

Amount  of  Filler 

per  Cu.  Yd.  of 

Rolled  Macadam 

Weight  of 
Screenings  per 
Cu.Yd.  of  Roll- 
ed Macadam 

Bottom  stone 

Waterbound  top*. . . 
3-in.  Bit.  mac.  top*. 
2-in.  Bit.  mac.  top*. 
Sub-base   

Sand 

No.  I 

Nos.  lA  and  2 

No.  lA 

Gravel 

0.35  CU.  yds. 

0.50  "    " 

0.37 "   " 

0.60  "    " 

0.33 "   " 

1300  lbs. 
900    " 
1440  " 

Cost  of  Spreading  Filler  by  Hand  from  Piles  Spaced  20'  to  30' 
Apart. — On  the  Clover  Street  Road,  Section  i,  during  the  season 
of  1908,  with  labor  at  $0.15  per  hour,  400  cu.  yd.  of  sand  filler  were 
spread  at  a  cost  of  $0.10  perru.  yd.    On  the  Scottsville-Mumford 
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Road,  with  labor  at  $0,175  per  hour,  the  cost  of  spreading  200  cu. 
yd.  was  $0.20  per  cu.  yd.  This  includes  some  nand  brooming, 
but  most  of  the  brooming  was  done  by  a  broom  attachment  on 
the  roller. 

Cost  of  Spreading  No.  xA  and  No.  2  Stone  for  Bituminous  Mac- 
adam Top  Courses  and  Brooming  Same. — A  layer  of  No.  lA, 
J^  inch  deep,  was  spread  over  the  bottom  course.  On  this  was 
spread  2}^  inches  of  No.  3  stone.  After  rolling  bitumen  was 
poured  over  this  course  and  a  ^-inch  layer  of  No.  2  stone  spread 
and  rolled;  the  excess  of  No.  2  was  broomed  ofif  and  a  %-inch  wear- 
ing coat  of  No.  I A  placed. 

The  cost  of  spreading  for  a  2-in.  top  was  as  follows: 

Cost  of  No.  I A  and  No.  2  per  cu.  yd $0. 282 

Cost  per  ton  of  No.  lA  and  No.  2 o .  210 

Eight  hundred  tons  of  this  material  were  handled  with  labor 
costing  $0,175  per  hour. 

For  a  3-in.  top  course  the  procedure  was  the  same,  omitting  the 
layer  of  No.  lA  under  the  No.  3  stone.  The  cost  of  handling 
400  tons  for  the  3-in.  course  was  as  follows: 

Cost  per  cu.  yd.  of  No.  lA  and  No.  2 $0.31 

Cost  per  ton  of  No.  lA  and  No.  2 o. 26 

Cost  of  Spreading  Screenings  with  Cross  Dump  Wagons. — Wet 

dust  screenings  for  waterbound  macadam  can  not  be  successfully 
spread  in  this  manner.  For  spreading  dry  dust  screenings,  No. 
2  stone  or  dustless  screenings  for  bituminous  macadam,  this  method 
has  proved  the  cheapest  and  most  satisfactory.  On  Road  5046, 
season  of  1910,  a  number  of  short-time  estimates  made  the  cost 
of  spreading  by  this  method  about  $0.06  per  cu.  yd.  The  cost  of 
brooming  is  slightly  increased  over  that  required  by  the  hand- 
spreading  method,  but  not  enough  to  counteract  the  advantage  in 
the  use  of  the  wagon  spreading.  On  the  Clover  Street  Road,  season 
of  1908,  1000  cu.  yd.  of  screenings  were  thus  spread  for  about 
$0.07  per  cu.  yd. 

COST  OF  ROLLING 

In  the  following  costs  lubricating  oil  is  not  included,  as  no 
reliable  data  were  obtained  as  to  the  quantity  used.  Gillette's 
"Handbook  of  Cost  Data"  gives  this  item  as  $0.30  per  day;  us- 
ing this  amount  would  increase  the  costs  given  below  from  0.2  to 
0.3  of  a  cent  per  cu.  yd.  The  amount  of  coal  used  was  variously 
estimated  at  from  450  to  500  lb.  per  day.  As  before  mentioned, 
items  of  depreciation,  repairs  of  plant  and  equipment,  and  interest 
are  not  included  in  tie  cost  per  cubic  yard  of  stone  consolidated. 

On  Road  5025,  under  Mr.  E.  E.  Kidder,  Engineer,  during  tiie 
season  of  1910,  tie  cost  of  rolling  3400  cu.  yd.  of  bottom  stone 
and  1700  cu.  yd.  of  top  stone,  loose  measure,  was  as  follows: 

Rollerman,  4  months,  at  $90    $360.00 

Coal,  Vi  ton  per  day,  at  $2.70  per  ton,  80  days   ....       55.00 

$415.00 
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The  time  and  cost  were  divided  as  follows: 

J^  on  sub-grade $  69 .  00 

J^  on  bottom  stone  4"  deep 138.00 

}i  on  bituminous  top  stone,  2"  deep 208.00 

There  was  no  cost  for  water.  The  roller  worked  80  days  in  4 
months.  The  cost  of  rolling  per  cubic  yard  of  loose  material 
was:  bottom  stone,  $0.04,  and  top  (bituminous  macadam)  $0.12. 

On  Road  492,  Mr.  E.  E.  Kidder,  Engineer,  season  of  1910, 
the  cost  of  rolling  3700  cu.  yd.  of  4-in.  bottom  course  was  $0.03 
per  cu.  yd.,  and  for  3200  cu.  yd.  of  waterbound  top  stone  $0.05 
per  cu.  yd.  Both  quantities  refer  to  loose  measure.  The  roller 
worked  74  days  in  three  months.  The  puddling  was  done  by  a 
pipe  line  and  hose  and  brooms  attached  to  the  roller.  The  roU- 
erman's  wages  were  $90.00  per  month  and  coal  $2.75  per  ton. 

On  Road  5021  the  cost  of  rolling  a  3-in.  bituminous  top  course 
per  cubic  yard  of  loose  material  was  $0.09;  for  a  2-in.  top  $0.11. 

On  Road  5046  a  roller  working  11 1  days  consolidated  1850 
cu.  yd.  of  field  stone  sub-base,  4300  cu.  yd.  of  bottom  stone,  and 
2150  cu.  yd.  of  top  stone,  loose  measure.  The  depth  of  the  sub- 
base  was  6  in.  (rolled  measure),  the  bottom  course  4  in.,  and  the 
top  course  2}^  in.,  bituminous  macadam.  The  rollerman's  wages 
were  $90  per  month  and  coal  cost  $2.75  per  ton  for  J^  ton  per  day. 
There  was  no  cost  for  water.  The  costs  were  divided  as  follows: 
sub-base,  $0,035;  bottom  stone,  $0,045;  top  stone,  $0,105  pcr  cu. 
yd.,  loose  measure. 

COST  OF  CRUSmNG  STONE 

As  a  basis  for  all  cost  estimates  for  crushing,  it  is  necessary  to 
know  something  of  the  percentage  of  the  different  sizes  of  the 
crusher  output.  Table  61,  page  594,  gives  the  results  of  tests 
made  by  Mr.  Archer  White  during  the  season  of  1 910  on  ordinary 
limestone  and  sandstone  boulders  composing  the  average  field 
stone.  The  crusher  used  was  the  largest  Acme  portable  crusher. 
The  tailings  were  recrushed  and  the  stone  divided  into  four  grades: 
No.  I,  %-in.  screen;  No.  2,  ij^-in.;  No.  3,  2j^-in.,  and  No.  4, 
3  J^-in.  From  these  data  it  may  be  seen  that  i  cu.  yd.  of  field  stone 
makes  i  cu.  yd.  of  crushed  stone,  and  that  it  takes  approximately 
1.8  cu.  yd.  of  field  stone  to  make  i  cu.  yd.  rolled  measure  of  sizes 
Nos.  3  and  4.  The  crusher  toggle  was  set  to  produce  both  top 
and  bottom  stone  sizes. 

The  cost  of  labor  was  $0.20  per  hour.  The  engineman  of  the 
crusher  plant  received  $0.25  per  hour  and  the  foreman  $0.30  per 
hour.  The  field  stone  was  loaded  from  a  pile  near  the  crusher 
into  small  dump  cars  running  on  a  movable  track.  The  loaded 
cars  were  drawn  to  the  crusher  by  a  small  hoisting  engine.  The 
cost  of  bringing  the  field  stone  to  the  crusher  pile  is  not  included, 
llie  force  loading  consisted  of  one  foreman,  eleven  laborers,  and 
one  engineman.  The  force  crushing  consisted  of  one  foreman, 
four  laborers,  and  one  engineman.    In  eight  days   1500  cu.  yd. 
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were  crushed.    The  cost  of  the  entire  output  per  cubic  yard  of 
loose  measure  was  divided  as  follows: 

Loading  stone  for  crusher $0. 133 

Hauling  to  crusher 0.013 

Feeding  to  crusher 0.061 

Engineer  to  crusher o .  013 

Fuel  and  oil o .  030 

Loading  crushed  stone  from  bins o.oio 

Total $0. 260 

Crushing  Granite  Hardheads  and  Sandstone. — The  following 
data  is  from  the  records  of  the  Clover  Street  Road,  Section  i, 
season  of  1908.  Labor  cost  $0.15  per  hour  and  the  engineman 
received  $3  per  day.  The  crusher  used  was  a  10"  X  20"  Climax. 
A  total  of  5000  cu.  yd.  of  granite  were  crushed  at  a  cost  per 
cubic  yard,  loose  measure,  of  $0.19;  7000  cu.  yd.  of  sandstone 
boulders  were  crushed  at  a  cost  of  $0,103  per  cu.  yd.,  loose  measure. 
These  figures  are  for  the  total  output  of  the  crusher  and  include 
the  cost  of  feeding  to  the  crusher,  the  pay  of  the  engineman, 
coal,  oil,  but  not  the  delivery  to  the  crusher.  On  the  Scottsville- 
Mumford  Road  under  similar  conditions  the  cost  varied  from  $0.13 
for  granite  and  sandstone  to  $0.19  for  granite  hardheads  per  cubic 
yard  of  loose  measure. 

Crusher  force  on  the  Clover  Street  and  Scottsville-Mumford 
roads  as  follows: 

I  foreman $4 .  00 

5  men  feeding  crusher 2 .  00  each 

I  man  tending  screen 2 .  00 

I  engineer 3 .  00 

Fuel  and  oil 4.00 

"Where  bottom  stone  alone  is  being  crushed  from  local  material 
the  crusher  is  set  to  produce  a  larger  amount  of  No.  4  stone,  and 
the  proportion  of  the  screenings  to  the  No.  3  and  No.  4  size  is 
different  than  given  in  Table  61. 

In  the  following  data  from  Road  5046,  Scottsville-Mumford, 
mentioned  above,  the  No.  3  and  No.  4  and  tailings  were  used  as  the 
bottom  course  stone,  the  tailings  being  broken  into  proper  sizes 
after  the  stone  was  spread  by  knapping  hammers.  The  cost  of 
knapping  will  vary  from  $0.01  to  $0.03  per  cu.  yd.  of  loose  bottom 
stone,  depending  on  the  number  of  tailings  produced.  When  the 
crusher  is  set  correctly  to  deliver  a  good  grade  of  stone  for  bottom 
course,  this  charge  should  not  amount  to  over  $0.01  per  cu.  yd. 
of  total  output  and  is  properly  chargeable  against  crushing,  which 
increases  the  crushing  costs  given  above  from  $0.13  to  $0.14 
and  from  $0.19  to  $0.20. 

The  sizes  of  screens  were  ^",  iJ4",  2j^"  and  33^". 
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Crusher  Set-up,  No.  i. — 60%  granite,  30%  sandstone,  10% 
soft  rock. 

Total  screenings,  No.  i 240  cu.  yd. 

'*     No.  2 no  record 

**      No.  3,  4,  and  tailings 1500  cu.  yd. 

Crusher  Set-up,  No.  2. — 50%  granite,  40%  sandstone,  10% 
soft  rock. 

Total  screenings 350  cu.  yd. 

"      No.  2 no  record 

"      No.  3,  4,  and  tailings 2600  cu.  yd. 

For  this  same  road  the  amount  of  field  stone  required  per  loose 
yard  of  bottom  stone  is  shown  by  the  following  figures.  Approxi- 
mately 1.5  yard  loads  were  drawn  to  and  from  crusher. 


Date 

Number  Loads  ci 
Field  Stone  Crushed 

Number  Loads  of 

No.  3  and  No.  4  and 

Tailings  Drawn  from 

the  Crusher 

1911 
Anril    2A. 

114 
86 

87 
104 
lOI 

106 

99 
86 

107 

no 

102 

93 
70 

69 

84 
82 

85 
78 
72 

95 
80 

83 

"     2q 

*o 

"     26 

Mav      i; 

"       6 

"       8 

"       0 

y 

"     10 

"     II 

«     12 

"     12   

■*-^ 

Totals 

1 102  loads 
1653  cu.yds. 

891  loads 
1336  cu.  yds. 

On  this  work  1.24  cu.  yd.  field  stone  produced  i  cu.  yd.  loose 
measure  bottom  stone,  and  1.61  cu.  yd.  field  stone  produced  i  cu.  yd. 
bottom  stone  rolled  measure. 

Table  61,  page  594,  gives  1.8  cu.  yd.  field  stone  to  i  cu.  yd. 
rolled  macadam,  but  this  apparent  difference  is  explained  by  the 
fact  that  the  tailings  were  recrushed  and  the  crusher  set  closer  to 
produce  top  as  weU  as  bottom  stone,  consequently  the  per  cent, 
of  No.  I  and  No.  2  is  higher  than  for  the  data  just  given. 

Data  obtained  by  Mr.  Frank  Bristow,  First  Assistant  Engineer, 
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New  York  State  Department  of  Highways,  indicates  that  i  cu. 
yd.  of  field  stone  produces  i.i  cu.  yd.  crushed  stone  when  separated 
by  screens  of  >i^' ,  iM"  2)^",  and  3^";  this  is  slightly  more  than 
the  writer's  experience  has  indicated. 

When  local  stone  is  crushed  for  bottom  only,  the  screenings  are 
used  as  filler  for  that  course,  and  in  a  case  of  this  kind  it  is  necessary 
to  know  how  much  additional  filler  must  be  estimated.  Take 
the  case  of  the  Scottsville-Mumford  Road  (crusher  set-up  No.  2) 
given  above.  Twenty-six  hundred  cubic  yards  loose  measure  wiU 
consolidate  under  the  roller  to  approximately  2000  cu.  yd.  of 
rolled  bottom  stone.  This  will  require  2000  X  0.35  =  700  cu. 
yd.  filler.  The  amount  of  screenings  produced  in  crushing  2600 
cu.  yd.  of  bottom  was  350  cu.  yd.,  showing  that  for  cases  similar  to 
the  one  given,  half  of  the  total  filler  required  must  be  obtained 
from  other  sources. 

Cost  of  Sledging  Boulders. — A  certain  percentage  of  the  fence 
stone  must  be  broken  to  reduce  them  to  a  proper  size  for  crushing. 
This  is  done  by  blasting  or  sledging;  where  the  boulders  need  to 
be  broken  only  two  or  three  times  to  reduce  it  to  a  usable  size, 
sledging  is  the  cheaper  method.  The  cost  of  both  of  these  methods 
is  so  variable  that  any  cases  cited  would  not  be  of  much  value. 
As  given  on  page  636,  under|Standard  Estimates,  the  author  allows 
arbitrarily  $0.40  per  cu.  yd.  for  all  boulders  actually  sledged  or 
blasted,  and  in  making  estimates  the  per  cent,  to  be  treated  in  this 
manner  is  approximated  roughly. 

As  a  matter  of  interest  Gillette,  in  his  cost  data  on  rockwork, 
gives  the  cost  of  sledging  small  sandstone  boulders  as  approxi- 
mately 0.05  per  cu.  yd.,  and  the  cost  of  mud  capping  at  about 
0.35  per  cu.  yd. 

COST  OF  CRUSHING  (continued) 

The  following  data  is  taken  from  the  Report  of  the  Massa- 
chusetts Highway  Commission  and  refers  to  work  done  in  Newton, 
Mass.    The  crushed  stone  was  divided  into  the  following  sizes: 

Tailings 205  cu.  yd 1 7  •  5  % 

2H''  stone 692  "    "      57.0% 

Screenings  and  i"  —     300    **    "      25.5% 

Totals 1197  100.0% 

The  material  was  cobblestones  and  labor  probably  cost  $0.20 
per  hour,  teams,  $0.45.  The  cost  per  cubic  yard  at  the  crusher 
was  $o.445>  or  $0.33  per  ton. 

The  cost  per  cubic  yard  was  divided  as  follows: 

Teaming  to  crusher $0.314 70.6% 

Feeding  to  crusher 0.033 7-4% 

Engineer  of  crusher 0.029 6.5% 

Repairs,  coal,  oil,  etc 0.045 10. i  % 

Watchman 0.024 5.4% 

Total So. 445  100.0% 
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Material.    Conglomerate. 

Amount  broken 1288  cu.  yd. 

Amount  broken  per  hour 8.9"      " 

Divided  as  follows:  Weight 

per  Cu.  Yd. 
Loose 

Tailings,  378  cu.  yd 29 .3 % 2549  lb. 

2  J^"  stone,  668  cu.  yd. ...  51.9% 2368  " 

Screenings  and  i",  242  cu. 
yd 18.8% 2727   " 

Cost  per  cu.  yd.  in  bins  at  crusher Si. 112 

Cost  per  ton  in  bins  at  crusher o .  885 

Divided  as  follows:  Cost       Per  Cent. 

Powder  and  repairs So . oi8  1.6 

Labor  drilling o. 249  22.3 

Sharpening  drills  and  tools o  .023  2 .  i 

Breaking  stone  for  crusher 0.420  37-8 

Loading  stone  for  crusher 0.127  11.4 

Hauling  stone  for  crusher 0.062  5 . 6 

Feeding  crusher 0.053  4.7 

Engineer  for  crusher o  .038  3 . 5 

Coal,  oil,  and  waste o .050  4.5 

Moving  and  setting  crusher 0.023  2 . i 

Watchman o  .049  4 . 4 

Total Si.  112        100. o 

Material,     Greenish  trap. 

Amount  broken 3155  cu.  yd. 

Amount  broken  per  hour 7  •  7  "     " 

Divided  as  follows:  Weight 

per  Cu.  Yd. 
Loose 

Tailings,  1004  cu.  yd 31 .8%         2457  lb. 

2}^"  stone,  161 8  cu.  yd Si -3%         2383   " 

I "  stone,  323  cu.  yd 10.2%         2277   " 

Screenings,  210  cu.  yd 6.7%         2585   " 

Cost  i>er  cu.  yd.  in  bins  at  crusher So .  898 

Cost  per  ton  in  bins  at  crusher o .  745 

Divided  as  follows: 

Cost     Per  Cent. 

Labor,  steam,  drilling So. 092  10.3 

Coal,  oil,  waste,  powder,  etc 0.084  9-4 

Sharpening  drills  and  tools o .  069  7 . 7 

Breaking  stone  for  crusher o .  279  31 .0 

Loading  stone  for  crusher 0.098  11 .0 

Hauling  stone  for  crusher o . 072  8.0 

Feeding  crusher o .  053  5 . 9 

Engineer  of  crusher o .  031  3.4 

Coal,  oil,  waste,  and  repairs  of  crusher .  o .  079  8 . 8 

Other  repairs 0.041  4.5 

Total So. 898      100. o 
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W.  E.  McClintock,  Engineer,  Chelsea,  Mass.,  season  1887: 

Labor $0 .  20  per  hour 

Teams 0.45    "      " 

Material.     Trap  rock. 

Amount  broken 1718  tons 

Stone  delivered  at  crusher  by  sub-contractor  for  $0 .  75  per  ton. 

Cost.    Tools $0 .  013 

Oil,  waste,  etc o .  016 

Fuel 0.050 

Stone  at  crusher o.  750 

Crushing  (labor) o.  194 

Total  per  ton $1,023 

• 

Dustless  Screenings. — The  construction  of  bituminous  mac- 
adams requires  a  dustless  screening  product  referred  to  in  the 
beginning  of  the  chapter  as  No.  lA;  it  is  obtained  by  rescreening 
the  ordinary  screenings  (%"  product)  to  remove  tie  dust;  the 
percentage  of  dust  in  the  orcfinary  screenings  will  vary  according  to 
the  stone  crushed  and  the  setting  of  the  crusher  jaws.  The  author 
has  no  reliable  data  for  small  crushing  plants,  but  through  the 
courtesy  of  the  Buffalo  Cement  Company  the  following  data  is 
given  for  their  output  of  limestone  screenings  at  Buffalo,  N.  Y. 


Size  of  screen  opening  for  ordinary  screenings. . .  M" 
Size  of  dust  screen  openings J^" 

Cu.  yd.  of  dust  for  i  cu.  yd.  ordinary  screenings o. 35 

«     (c     u  ([ustless  screening  i  cu.  yd.  ordinary  screening. . .     0.65 

The  same  data  from  the  Leroy  plant  of  the  General  Crushed 
Stone  Company  gives: 

Size  of  screen  openings  for  ordinary  screenings J^"  to  ^He" 

"     "  dust  screen  openings jj"  "    Me" 

Cu.  yd.  of  dust  per  cu.  yd.  ordinary  screenings 33  % 

"      "    "  dustless  screenings  per  cu.  yd.  ordinary  screenings  67% 

Percentage  of  screenings  to  total  output  for  Leroy  limestone 
approximates  15%. 

The  above  furnished  to  the  writer  through  the  courtesy  of  the 
General  Crushed  Stone  Company,  of  Easton,  Pa. 

COST  OF  STONE  FILL  BOTTOM  COURSE 

The  following  data  is  taken  from  Road  5021,  season  of  1910; 
labor  cost  $0,175  per  hour,  teams  $0.40  per  hour. 

The  amount  placed  was  10,000  cu.  yd.  rolled  measure.  The 
average  rolled  depth  was  i.i  ft.  The  surface  was  carefully  brought 
to  line  and  grade,  allowing  a  variation  of  i  in.  either  above  or 
below,  which  inequality  was  taken  out  with  the  top  stone.  A 
3  in.  Dituminous  top  course  was  placed  directly  on  this  fill.    The 
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top  layer  of  bottom  stone  was  sledged  to  reduce  all  stones  to  8  in. 
or  under.  Flint  stone  was  used  to  fill  the  top  6  in.  and  to  surface 
the  rough  fill.  The  bottom  course  was  of  fence  stone,  hauled,  on 
an  average,  about  one-half  mile.  I  estimate  that  one  cubic  yard 
rolled  measure  requires  1.25  cu.  yd.  loose.  The  cost  of  the  bottom 
course  per  cubic  yards  rolled  measure  was  $1.03,  divided  as  follows: 

Loading  i .  25  cu.  yd $0.19 

Hauling  1.25"     "     J^  mile o .  20 

Placing  1 .25  "      "    and  rolling o. 24 

Sledging 0.15 

Flint o .  10 

Cost  of  fence  stone 0.15 

Total,  per  cu.  yd $1 .03 

Cost  of  Sub-base  Bottom  Course. — Road  495,  Parma  Corners- 
Spencerport.  E.  E.  Kidder,  Engineer.  1082  cu.  yd.  placed, 
average  depth  6".    Not  much  sledging  required. 

Cost  of  stone,  i  cu.  yd $0. 10 

Loading,  per  i  **      "  0.184 

Hauling  i  mile o  .30 

Laying,  sledging  and  spreading  filler o.  136 

Rolling 0.02 

Superintendence o  .02 

Cost  of  filler  in  pit  nothing  (gravel  used). . . .  0.00 

Loading  J^  cu.  yd 0.04 

Hauling  J^  cu.  yd.  i  mile o .  10 

Total 0.90 

COST  OF  APPLYING  BITUMINOUS  BINDER 

The  following  data  is  taken  from  Road  5021,  season  of  1910. 
Bituminous  macadam,  penetration  method: 

Labor. 

Kettleman $0. 20   per  hour 

Spreaders o .  20     "      " 

Plain  labor o .  1 75 

Teams o .  45 


U  it 


Apparaltis, 

4  bbl.  kettle  (coal  burner) Bitumen- heated 

2  bbl.     "      (wood  burner) to  400®  F. 

12  ton  Kelly  roller 

Spreading  pots  having  a  vertical  slot  J^"  wide. 

Organization. 

Rollerman  acting  as  foreman 
I  Spreader 
I  Kettleman 
3  Laborers 
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Average  speed  350  ft.  of  16  ft.  road,  per  day. 
Quantities, 

16,850  gal.  laid  in  one  coat  covered  13,330  sq.  yd.,  or  1.26 
gal.  per  sq.  yd. 

Cost  per  gal.    Unloading  and  hauling  J^  mile $0.0015 

Heating o  .0032 

Spreading o  .0032 

Rolling  and  supervision 0.0051 

Total $0 .0130 

Bituminous  material  f .o.b.  Caledonia 'o .  0950 

Total  per  gal $0 .  1080 

Second  quantity. 

Forty-two  thousand  gallons  covered  24,000  sq.  yd.  in  one  coat, 
an  average  of  1.75  gal.  per  sq.  yd. 

Cost  per  gal.     Unloading  and  hauling  1%^  miles $0.0032 

Heating o  .0040 

Spreading 0.0039 

Rolling  and  supervision 0.0042 

Total $0.0153 

Bituminous  material  f.o.b.  Caledonia 0.0950 

Total  per  gal $0 .1103 

Cost  of  Applying  Bituminous  Binder,  Road  5046,  Penetration 
Method, 

18,890  gal.  spread  on  12,378  sq.  yd.  in  one  coat,  of  1.52  gal. 
per  sq.  yd. 

Apparatus. 

5  2  bbl.  kettles  (wood  burners)  Fuel.    Used  bbl.  staves  and 

some  extra  wood. 
I  lo-ton  Buffalo  Pitts  Roller. 

Spreading  hods. 

Organization. 

Per  Hour 

1  Foreman $0 .  30 

2  Pourers,  each 0.25 

5  Kettlemen,  each o .  20 

2  Spreaders  of  No.  2,  each o .  20 

4  Helpers,  each , , 0.175 
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Labor  of  Placing.     Cost  per  gallon. 

Fuel So  .001 

Kettlemen o  .005 

Pouring o  .003 

Helpers o .  007 

Supervision o .  002 

Total $0,018 

Material  f.o.b.  Scottsville 0.093 

Total  per  gal $0,111 

Kentucky  Rock  Asphalt— I  have  the  following  data  from  the 
Clarence  Center  Road,  Mr.  John  D.  Rust,  Engineer,  collected 
during  the  season  of  1910.  In  this  work  an  8-ton  tandem  roller 
was  found  to  do  better  Uian  a  6-ton  tandem.  The  cost  of  handling, 
spreading,  and  rolling  this  material,  from  data  of  five  days  selected, 
varied  from  $0,033  to  $0,036  per  sq.  yd.;  the  average  being  $0,034. 
The  following  may  be  taken  as  a  typical  analysis  of  this  cost: 

Abbreviations.    L.  Laborers. 

F.  Foreman. 
T.  Teams. 
E.  Roller  engineer. 

Asphalt  $10.25  i>er  ton  f.o.b.  unloading  point. 

Run  of  July  20,.  1909. 
69.22  tons  hauled  and  placed. 
1730  sq.  yd.  covered. 
80  lb.  asphalt  per  sq.  yd. 

5  L.  at  cars,  10  hours,  at  $1 .  50  each $  7 .  50 

J^  F.  at  cars  at  $2 .  25  p)er  day $  i .  12 

5  T.  haul  2  miles  at  $4 .00  per  team 20 .  00 

5  L.  on  wheelbarrows,  ii  hours,  each  $0.15  per  hour  8. 25 

I  T.  at  shredding  machine 4. 40 

3  L.  on  rakes,  1 1  hours  at  $0 .  15  per  hour 4-95 

3  L.  shoveling,  ii  hours,  at  $0.15  per  hour 4-95 

I  F.  at  shredder,  11  hours  at  $0. 225  per  hour 2 .48 

I  E.  on  roller,  11  hours  at  $0.30  per  hour 3 .30 

Total. $56.95 

Cost  per  square  yard,    $  0.033. 

PUDDLING  WATERBOUND  ROADS 

• 

There  are  two  methods  of  puddling: 

First,  by  Pipe  Line  and  Hose. 

Second,  by  Sprinkling  Carts. 

In  the  first  method  a  i  ^-in.  or  2^in.  pipe  is  laid  along  the  road 
with  taps  every  200  to  300  feet.  The  road  is  wet  down  by  a  hose 
fastened  to  these  taps  and  sprayed  on  by  a  nozzle,  or  the  hose  is 
fastened  to  a  sprinkling  attachment  on  the  roller,  which  throws 
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the  water  directly  onto  the  wheels;  this  method  is  cheaper  and 
more  satisfactory  than  using  sprinkling  carts,  but  to  work  well 
a  pressure  of  125  lb.  should  be  maintained  at  the  pump,  which 
requires  a  better  pumping  apparatus  than  contractors  usually 
have.  A  very  satisfactory  plant,  used  near  Rochester,  N.  Y., 
consisted  of  a  Gould  Triplex  Pump,  operated  by  a  6-H.P.  gasoline 
engine;  the  relief  valve  at  the  pump  was  set  at  120  lb. 

The  cost  of  such  puddling,  on  Road  492  for  3000  cu.  yd.  of 
top  course  was  $0.05  per  cu.  yd.;  on  Road  294  for  4000  cu.  yd. 
of  top  course  it  was  $0.06.  This  cost  includes  pumping,  helper 
tending  hose,  and  rollerman.  Brooms  on  the  roller  were  used 
which  materially  reduced  the  cost  of  brooming  the  screenings. 
No  charge  for  water,  no  allowance  made  for  laying  the  pipe  Une; 
this  last  charge  is  included  in  the  lump-sum  item  of  mstalling 
plant  for  a  waterbound  road,  page  631. 

Gillette,  in  his  handbook,  gives  sprinkling  by  carts  approxi- 
mately $0.10  per  cu.  yd.  of  top  course,  which  includes  sprinkling 
the  sub-grade  as  well  as  puddling  the  top  course.  As  the  sub- 
grade  is  rarely  sprinkled,  his  data  reduced  to  the  conditions  cited 
on  roads  492  and  294  would  give  approximately  $0.06  per  cu.  yd. 
of  top  course.  To  fliis  is  added  the  cost  of  rolling,  or  about  $0.04, 
which  makes  the  cost  of  puddling  by  this  method  about  $0.10  to 
$0.12,  or  about  twice  the  amount  of  the  first  method. 

Mr.  E.  A.  Bonney,  on  the  Hamburg-Buffalo  road,  from  a  metered 
supply  of  water,  states  the  amount  required  to  first  puddle  a  3-in, 
top  course  varies  from  50  gal.  to  55  gal.  per  cu.  yd.  of  top  course, 
and  the  amount  needed  for  the  second  puddle  will  be  considerably 
less. 

Mr.  H.  P.  Gillette  states,  in  a  monograph  on  the  Economics 
of  Road  Construction,  that  30  gal.  of  water  per  cu.  yd.  will  puddle 
a  road.  Mr.  E.  E.  Kidder  states  that  approximately  80  gal.  are 
required  per  cu.  yd.  of  top  course  for  two  puddles.  The  author's 
experience  agrees  with  the  larger  quantities. 

McClintock  Cube  Pavement. — The  general  costs  of  this  experi- 
mental pavement  were  given  in  chapter  VI.  We  here  give  the 
detailed  cost  of  the  vitrified  clay  cubes  and  clay-ash  cubes  only, 
as  tiie  concrete  cubes  have  not  worn  satisfactorily. 

Vitrified  Shale  Cubes, — During  1909,  74,000  2j^-in.  vitrified 
shale  cubes  manufactured  at  ReynoldsviUe,  Pa.,  were  laid  at  a  cost 
as  follows: 

Teams  at  $0.50  per  hour 

74,000  cubes  f.o.b.  ReynoldsviUe $231 .  25 

Freight 68.41 

Carting 67 .00 

Laying 20 .  00 

Total $386.66 

Note. — 331  sq.  yd.  were  covered  at  a  cost  of  $1.17  per  sq.  yd. 

Clay  and  Ash  Cubes. — In  1910,  cubes  made  of  a  local  clay  mixed 

with  ashes  and  burned  were  tried  in  the  effort  to  get  a  cheap, 
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tough  day  product.  As  far  as  known,  this  is  the  first  time  bricks 
made  in  this  way  have  been  used  on  roadwork. 

The  ash-cUy  process  has  been  worked  out  and  patented  by 
Kaii  Langenbeck,  of  Boston,  Mass.  Many  local  clays  used  for 
ordinary  brick  or  farm  tile  will  not  stand  up  under  vitrification 
without  the  addition  of  expensive,  imported  refractory  days; 
but  the  substitution  of  coal  ashes  for  the  more  expensive  clays 
has  a  similar  effect  and  the  cost  is  materially  reduced.  Some  of 
the  local  clay  was  sent  to  Mr.  Langenbeck,  who  turned  out  a  few 
cubes  that  compare  favorably  in  tou^mess  with  the  best  paving 
bricks  on  the  market. 

The  Standard  Sewer  Pipe  Company,  of  Rochester,  N.  Y.,  under- 
took to  furnish  400,000  2-m.  cubes  of  this  description  for  Mr.  Mc- 
Qintock.  It  was  necessary  for  them  to  experiment  to  determine  a 
practical  method  of  molding,  the  correct  temperature  to  use,  and 
the  best  proportion  of  ashes,  which  naturally  raised  the  price  above 
ordinary  practice.  In  molding  they  used  a  modification  of  the 
ordinary  pipe-molding  machine,  which  produced  a  hollow  square  of 
cubes,  at  the  rate  of  30,000  cubes  per  hour.  The  scoring  knives 
were  so  set  that  the  cubes  were  nearly  cut  apart,  leaving  just 
enough  uncut  clay  to  hold  them  togeUier  during  the  burning, 
after  which  a  U^t  blow  separated  them  cleanly.  The  toughness 
of  the  resulting  cubes  can  probably  be  increased  by  further  experi- 
ment; but  the  product  was  good,  fdthough  not  up  to  the  standard 
of  the  sample  cubes  made  by  Mr.  Langenbeck. 

The  cost  of  the  ash-clay  cubes  was  as  follows: 

400,000  cubes  f.o.b.  Rochester,  N.  Y.  Si 200. 00  $0. 711  per  sq.  yd. 

Carting,  six  miles 247-75    0.147    "     "     " 

Filler 27.00    0.016 

Labor  of  laying 191 -77    0.113 

Roller 12 .  94    o  .008 


Total $1679.46  $0,995 

Note. — 1688  sq.  yd.  covered 
Labor 
Teams 


tC         ft 


Labor,  $0.22  an  hour  \  /     1^  •  j      -x- 

;  $0.50  an  hour  /  *«'  ^y^  »"d  carting. 


Mr.  McClintock  has  stated,  in  discussing  the  cost,  that  in  large 
quantities  he  believes  the  cubes  can  be  delivered  f.o.b.  at  the 
plant  for  $1.50  per  1000,  which  would  reduce  the  cost  as  shown 
above  to  about  io.6o  per  sq.  yd.,  and  that  the  high  cost  of  lasring 
was  due  to  the  irregular  shape  of  the  first  batch,  due  to  not  scoring 
the  cubes  deely  enough. 

Amiesite  Cost  Data.— Road  1319,  Honeoye  Village,  Season  of 
1915.  H.  W.  Baker,  Eng.  in  charge.  4700  sq.  yd.  laid  16' 
wide  2  Ji"  deep.  Laid  in  two  courses.  Bottom  course  2  J£"  thick 
coarse  material;  surface  H"  thick  fine  material. 

Material 

$88  tons  @  $4.00  per  ton  f.o.b.  plant $2352 .00 

588  tons  freight  $0.54  per  ton    341 .04 

Total  cost  materials $2693 .04 
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Labor 
Force  at  cars  unloading 

6 Laborers  @  $2.06  per  day $12.00 

I  Foreman  @  $2 .  50  per  day 2 .  50. 

I  Fireman  @  S3 .00  per  day   3 .00 

I  Night  Fireman  @  I2 . 50  per  day    2.50 

$20.00 
Equipmeni  at  Cars 

I  boiler  and  pipe  line  per  day 8 .00 

yi  ton  coal  and  oil 2.50 

Total  daily  cost  of  unloading S30. 50 

HauUng  ^  mile 

4  teams  @  $5 .00  per  day  $20 .00 

spreading  and  Compacting 

I  Aspluilt  raker    3 .00 

4  Lalx)rers  @  $2 .00  per  day 8.00 

I  Rollerman 3.00 

per  day $14.00 

Equipment 

I  roller  (10  ton  tandem)    10 .00 

Coal,  oil,  etc 0.80 

Daily  cost  spreading  and  compacting $24 .  80 

Summary  Daily  Force  Account 

Unloading    30  •  5© 

Hauling    20 .00 

Spreading  and  compacting   24.80 

S75.30 
Number  of  days  worked,  15 

Total  labor  15  days   $1129 .  50 

"     materials  cost 2693.04 

Total  cost S3822 .  54 

Cost  per  sq.  yd o .  81 

Bid  price  sq.  yd o .  85 

Conditions 

This  work  was  done  under  bad  weather  conditions  the  night  tem- 
perature beine  below  freezing  and  only  two  days  with  an  air 
temperature  above  55®  F. 

It  was  necessary  to  keep  a  night  fireman  at  the  cars  to  keep  up 
steam  and  to  move  the  steam  pipes  to  dififerent  parts  of  the  cars  to 
insure  the  amiesite  being  in  a  condition  to  loosen  and  shovel  in  the 
morning.  The  material  was  loosened  by  bars  and  sledges  to  the 
bottom  of  the  cars  steamed  10  to  30  minutes  and  then  shoveled 
into  dump  wagons,  covered  with  canvas  and  hauled  to  the  street. 

Under  favorable  weather  conditions  the  cost  of  unloading  from 
the  cars  would  probably  be  reduced  40%. 

Table  of  Amounts  of  Amiesite  required  for  different  thicknesses  and 
materials,  page  606. 
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TOPEKA  MIX 

The  following  data  on  output  and  organization  is  quoted  from 
Engineering  Contracting, 

The  wearing  surface  mixture  was  prepared  in  a  Cummer  standard 
I -car  portable  paving  plant  of  2000  sq.  yd.  of  2-in.  top  per  day 
(10  hours)  rated  capacity,  having  a  twin-pug  mill  (10  cu.  ft.) 
capable  of  handling  a  looo-lb.  batch  of  material.  The  total  weight 
of  this  plant  ready  for  transporting  is  100  tons. 

When  the  plant  is  working  at  its  full  capacity,  3  tons  of  coal  are 
required  per  day. 

The  organization  at  the  plant  is  as  follows: 

I  Foreman. 

I  Engineer. 

1  Fireman  and  i  blacksmith. 

2  Men  at  scales  weighing  materials. 

2  Men  feeding  stone  to  elevator  to  drier. 

2  Men  feeding  sand  to  elevator  to  drier. 

2  Men  shoveling  stone  from  car. 

2  Men  shoveling  sand  from  car. 

2  Men  stripping  barrels,  etc. 

I  Man  with  horse,  conveying  sand  from  pile  to  elevator. 

I  Man  with  horse,  conveying  stone  from  car  to  elevator. 

On  a  good  day's  work  (8  hours)  the  following  quantities  of 
material  were  used:  16  tons  of  asphalt,  132  tons  of  stone,  47  tons 
of  sand,  11  tons  of  dust  or  filler,  making  a  total  of  206  tons  of 
mixture. 

Hassam  Concrete  Pavement. — Cost  of  Grouting.  Road  No. 
5529.  Lyell  Ave.,  Spencerport.  Season  1915.  E.  E.  Kidder, 
Eng.  in  charge.  Road  16'  wide  5"  deep  compacted  measure  and 
approx.  6  mSes  long.  9880  cu.  yd.  of  Hassam  were  grouted  in 
71  working  days  wifli  the  organization  shown  in  the  figure  below. 
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71  days  @  $36 .  25  per  day $2573 .  75 

Amount  grouted 9880  cu.  yd. 

Cost  of  labor  per  cu.  yd $0. 26 

Conditions, — Administration  and  superintendence  good .  Temper 
of  crew  rather  bad  as  they  were  not  receiving  the  wages  that  they 
expected  to  get  for  the  first  half  of  the  job.  Could  have  made  a 
better  record. 

Speed  of  Work, — Averaged  450  lin.  ft.  per  day. 
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Materials 

Cement. — 8500  bbl.  used  or  an  average  of  0.86  bbl.  per  cu.  yd. 
of  Hassam.  This  varied  from  0.75  in  the  beginning  to  0.95  during 
the  latter  part  of  the  work  when  a  liberal  spread  of  stone  was  used 
to  compensate  for  rough  grading  and  a  desire  to  end  the  work  before 
winter. 

Sand. — Royalty  on  sand  was  $0.30  per  load  or  $0,052  per  cu.  yd. 
of  Hassam.  Cost  of  haul  corresponds  to  average  costs  given  in 
previous  cost  data. 

Stone. — 16,050  tons  of  limestone  iJi"  to  3J^"Jn  size  were  used. 
This  amounts  to  3250  lb.  per  cu.  yd.  compacted  measure  which  is 
high  for  this  grade  of  stone.  This  was  due  to  a  liberal  use  of  stone 
over  poorly  shaped  sub-grade  and  to  excess  depth  where  wet 
material  was  removed. 

Water. — Metered  supply.  70  gal.  per  cu.  yd.  of  Hassam;  this 
includes  water  for  engines,  leakage  in  a  long  Une  and  considerable 
waste  at  the  grout  mixer. 

Concrete  Roads 

Cosik  Data. — Rd.  5423,  Hartland  Medina  Pt.  2.  Season  1914. 
F.  W.  Bristow,  Eng.  in  charge.  9550  cu.  yd.  i :  iH'-S  concrete 
pavement  laid  16'  wide  6"  deep. 

lAaterials  and  Eqtupment 

Cement, — Knickerbocker  @  $1.18  net  bags  returned  f.o.b. 
siding.    4  mile  average  haul. 

Sand. — Excellent  local  sand.    1%  mile  haul. 

Stone. — ^Local  crushed  stone  (Medina  Sandstone  and  granite  J^' 
to  2  J^"  in  size)  J4  mile  haul  to  crusher,  i  mile  haul  crusher  to  road. 

Concrete  Mixer. — Koehring  with  boom  and  bucket  delivery  ^  cu. 
yd.  batch. 

Speed  of  Work. — 500  to  550  lin.  ft.  of  road  or  148  to  165  cu.  yd. 
mixed  and  placed  per  10  hour  day. 

Actual  Amount  of  Materials  Used 

Cement  1.85  bbl.  per  c.  y.  concrete 

Sand  0.4  c.  y.  per  c.  y.  concrete 

Stone  0.80  c.  y.  per  c.  y.  concrete 
Joints 
Wooden  joints  used  for  }i  the  work. 
Steel  and  felt  joints  used  for  J^  the  work. 
Labor  Cost  of  Mixing  and  Placing  Concrete 
Labor  $1.75  per  lo-hour  day. 
The  force  at  the  mixer  comprised: 

1  Foreman. 

2  Laborers  setting  forms. 
10        '^        shoveling  stone. 

3  "  "      sand. 

6        ''       on  stone  wheelbarrows. 
"  sand 


U  ((  (( 
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I  Laborer  passing  cement. 
I        "      emptying      •'* 
I  Mixer  runner. 

1  "      fireman. 

4  Laborers  placing  concrete. 

2  **        on  screed. 
2        "        floating. 

I        "        preparing  joints. 

I        "       sprinkling,  brooming,  etc. 

The  cost  of  setting  forms,  mixing,  placing  and  finishing  the  con- 
crete including  coal  ranged  from  0.48  to  0.51  per  cu.  yd. 

This  does  not  include  overhead  or  plant  charge. 

The  water  cost  per  cu.  yd.  concrete  was  approx.  $0.04  and  in- 
cludes laying  pipe  line  and  pumping  from  creeks. 

The  overhead  charge  per  cu.  yd.  of  concrete  was  approx.  as 
follows: 

Bond  $0 .  036  per  cu.  yd. 

Employers  Compensation  Insurance  $2 .  92  per 

$100  payroll 0.096 

Public  Liability  Insurance 0.016   " 

Machinery  and  tools,  freight  hauling,  erection, 

interest,  depreciation  and  repairs 0.600   " 

$0,748 
Say  $0 .  75    per  cu.  yd. 

COST  DATA,  CONCRETE  ROADS 

liaterials 

Stone. — Cost  of  stone  varied  greatly  during  the  year,  from  62^  to 
Ssi  per  cu.  yd.  at  the  Blissville  docks.  To  obtain  a  low  voidage 
contractors  ordered  a  mixture  of  No.  2  and  No.  3  stone.  This  mix- 
ture weighed  approximately  2700  lb.  per  cu.  yd.;  therefore,  cost 
of  stone  f  .o.b.  car  at  destination  would  be 

I  cu.  yd.  stone  at  Blissville  (say) $0 .  80 

Transfer  (i7f^  per  ton),  i  .35  X  o.  17    o.  23 

Freight  (63 f^  per  ton),i  .35  X  0.63,  (rate  to  Patchogue)    0.85 

Total $1 .88 

Note. — ^Arrigoni  paid  $i.8i  delivered  f.o.b.,  on  rate  made  in  1914, 
before  stone  raised.    Freight  rate  to  Patchogue  then  6ofi. 

Haul  varied  from  12^  per  yd.  mile  using  tractor-roller  and  5  cu. 
yd.  trailers  (3),  to  as  high  as  35 fi  per  yd.  mile  with  teams. 

Transfer  from  cars  to  wagons  isi  to  20f^  per  cu.  yd.  dependent 
mostly  on  rate  of  wages;  therefore,  cost  on  job,  with  stone  as  per 
above,  and  a  two-mile  haul  would  be  approximately  $1.88  +  0.60 
-|-  0.20  =  $2.68  per  cu.  yd. 

Gravel, — Cost  of  same  at  bank,  screened,  and  in  bin  varied  from 
45 f5  to  85 fi  (dependent  mostly  on  per  cent,  of  gravel).  Haul:  same 
as  stone. 

{ConUntted  page  612.) 
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Sand, — Cost  of  same  at  bank  (in  wagons.  Screening  unnec 
essary)  varied  from  35fi  to  6ofi. 

Haul:    2si  to  ssi  per  yd.  mile. 

Note. — ^When  obtained  from  same  pit  as  gravel  I  would  consider 
its  cost  in  bin  as  H  the  cost  of  all  material  leaving  the  plant,  gravd 
in  this  case  %  of  same  total  (say  25^^  [sand]  and  50^  [gravel]  wheie 
gravel  would  be  75f^  +  were  all  sand  wasted). 

Cement. — Cost  of  cement  varied  greatly  during  the  year;  a  good 
average  was  $1.20  per  bbl.  net.  Actual  practice  with  graded  stone 
has  shown  1.75  bbi.  per  cu.  yd.  of  concrete  a  safe  factor. 

Haul  varied  from  s}^i  (truck)  to  5^  (wagon)  per  bbl.  mile 

Handling:  average  2^  per  bbl.  when  handled  direct  from  car  to 
job. 
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Plant, — ^Exclusive  of  forms  and  water-line. 

I  Mixer — 4  bag  mix,   i-iJi-3,  at  least   20  cu.  ft.  capacity. 

I  Screed — 19'  by  4"  by  12",  with  H"  iron  plate. 

I  Bridge— 1 8'  X  3"  X  12". 

3  floats — (one  split);  and  one  trowel. 

I  doz.  Forks — close  tined  for  stone. 
10  Square  Shovels. 
16  Wieel-barrows  (2  or  2^  cu.  ft.  capacity). 

1  Canvass — 160'  X  20' — with  frame. 

2  Tampers. 

I  Template  to  test  sub-grade. 

I  doz.  Pins  to  hold  expansion  joints  (or  special  template  for  that 
purpose). 
Small  tools,  other  than  noted. 

I  Straight-edge,   24'  X  10"  X  4",  for  extra  width  on  curves. 
Total  cost  of  above  approximately  $2300.00. 

Manipulation 

Exclusive  of  water,  forms  and  trimming  sub-grade. 

Supt.  {)i) 3 .00 

Time  keeper  (J^)   i  .00 

Foremen  (2)  (see  Fig,,  page  612) 7 .00 

Engineer(i)  (  "       "   ,  page  612) 3.00 

Fireman  (i)  ( *'       "  ,  page  612) 2.50 

Mason    (i)  (  "       "  .  page  612) 2.50 

Laborers  (8  at  2.00)  (see  Fig.,  page  612)  .. .  16.00 

Laborers  (2 1  at  1.85)  (  "      "  ,page6i2). . . .  38.85 

ToUl $73-85 

Based  on  an  average  da^'s  work  of  182  cu.  yd.  (lo-hour  day), 
the  manipulation  of  a  cubic  yard  of  concrete  would  cost  with  Uie 
above  organization,  $0,406. 

Note. — The  above  organization  has  laid  over  780  lin.  ft.  of  16  J^ 
ft.  pavement  (outside  dimensions),  in  a  lo-hour  day.  (The  182  cu. 
yd.  is  based  on  a  length  of  600'  of  pavement  with  a  cross-section  of 
8.2  sq.  ft.) 

Water 

Plant  should  be  capable  of  supplying  30  gallons  per  minute. 

Pipe :     10,000  (at  least)  lin.  ft.  2"  pipe,  galvanized  at  16 

cents $1600.00 

Black,  at  14H  cents 1450 .  00 

35  "Ts"  for  same  (one  each  300')  at  s^i i7  •  So 

Pumps:  3  to  25  H.P.,  dependent  on  conditions.  For  lower 
power,  gas  engine  O.  K.;  for  higher,  steam  the  best  Qatter,  best  for 
surety  of  supply). 

Outfits  $150.00  to  $1000.00. 

Where  wells  were  necessary,  2"  supplv  pipe.  Driving  same  $1.40 
per  ft.  for  depths  not  greater  than  40  ;  $1.50  to  70'  depth.  This 
includes  pipe  and  point. 
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Shaughnessy  paid  a  lump  sum  for  water  from  Bayshore  to  Mp 
($300.00,  I  believe)  from  hydrants.  On  5  23  2  a,  water  was  bought 
from  private  parties  for  part  of  the  work  at  $3.00  per  day. 

Cost  of  running  steam  pump  located  at  well  or  surface  water 
supply,  including  operator,  vanes  from  $5.00  to  $8.00  per  day  de- 
pendent on  weadier  conditions. 

200'  of  rubber  hose  at  $0.34  per  ft.  necessary  for  connection  with 
mixer  and  sprinkling  road.  Of  this  a  15-foot  section  should  be  con- 
nected on  intake  pipe  of  mixer,  with  which  to  sprinkle  sub-grade. 

Forms 

1.  d"  Channel  forms  (steel)  32ff  per  ft.  including  pins,  8'  sections. 

2.  Patent  steel  forms  with  bevel,  24^^  per  ft.  Pins  for  same  $1.00 
each,  one  necessary  for  each  section.     Sections  12'  long. 

3.  Wooden  forms  with  bevel  about  12  cents  per  lin.  ft. 

Cost  of  placing  same,  2  men  at  $2.00  per  day,  $4.00  per  day  (see 
"P,"  Fig.,  page  612).     . 

At  least  1 200  ft.  of  forms  necessary,  so  that  600  lin.  ft.  of  road  can 
be  built  without  forms  being  moved.  Based  on  (2)  forms  would 
cost 

1200'  of  forms $288.00 

Say  no  pins 110.00 

Total $398.00 

Trimming  Sub-grade 

Three  men  generally  necessary  at  $1.85  per  day  (see  T,  Fig.,  page 
612). 

General 

A  steam  roller  ($2200.00)  might  justly  be,  partially  at  least, 
charged  to  concrete.  Cost  of  operating  same,  including  rollerman, 
not  greater  than  $12.00  per  day  if  owned  by  contractor. 

CONCRETE  COST  DATA 

Name  of  Road,  Main  Street,  Sec.  Ill,  County  Highway  No.  130. 
(Erie  County,  New  York  State) 
Length,  3 .  68  miles.  Thickness,  average  7"  parabolic  crown. 
Width,  16'.  Proportions  of  mix,  i-i  J^-3. 

Total  No.  Cu.  Yd.,  7038. 

1.  Labor,  exclusive  of  water  supply,  including  supervision.  0.6818 

2.  Plant  forms  and  tools 0.3091 

r  Steel  plates  0.1782^ 

3.  Expansion  joint  material    Tarred  paper  o .  0295  I o.  2077 

I  0.2077J 

4.  Water  supply,  including  labor o  .0625 

5.  Cement  placed  on  roadside  ready  for  mixer 2 .3370 

6.  Sand  "       "         "  "       "       "       0.8359 

7.  Stone  "       "         "  "       "       "       1.0518 

8.  Reinforcement,  if  any o .  0000 

Total  cost  per  cu.  yd 5.4867 
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Labor,  rate  per  hour,  i63^ff;  Teams,  rate  per  hour,  50ffj  Hours  in 

day  worked,  10. 

Remarks:  Work  done  by  State  day  Labor.  Materials  unloaded 
by  hand.  Plant  Charges  included  proportionate  to  life  of  plant. 
Seven-tenths  mile  average  haul. 


Name  of  Road,  Huntington-Amityville,  Pt.  2,  No.  1219  (Suffolk 
County). 
Length,  4.69  miles.     Thickness,  4%"  and  6%"  =  av.  5^". 
Width,  16'.  Proportions  of  mix,  i-i  J^-3. 

Total  No.  Cu.  Yd.,  7409. 

1 .  Labor,  exclusive  of  water  supply,  including  supervision ...  $0.52 

2.  Plant  forms  and  tools o. 58 

3.  Expansion  joint  material o . 05 

4.  Water  supply,  including  labor o.  10 

5.  Cement  placed  on  roadside  ready  for  mixer 2 .  36 

6.  Sand          "       "        "           "       "       "     0.23 

7.  Stone  Gravel      "        "           ''       "       "     1.05 

8.  Reinforcement,  if  any o. 00 

Total  per  cu.  yd $4 .  89 

Contractor's  Bid  Price 5 .  30 

Labor,  rate  per  hour,  20 ff;  Teams,  rate  per  hour,  ssff;  Hours  in  daj^ 

worked,  10. 

Remarks:  Auto  truck  for  most  of  haul.  Gravel  furnished  by 
large  screening  and  washing  plant  accounts  for  high  plant  cost. 
Only  proportionate  part  charged  for  this  plant  as  it  is  to  be  used  to 
produce  commercial  output. 

Road  No.  Z20I — Nassau  County 

(i)  Sand: 

In  bins  Heling  Bros,  per  cu.  yd $0.15 

Haul  by  auto  (contractor  owner)  2}^  mi. ato.  15  0.38 

Sand  on  road  per  cu.  yd    o. 53 

Gravel: 

In  bins  Heling  Bros,  per  cu.  yd o. 85 

Haul  by  auto  (contractor  owner)  2)4  nii.  ato.  15  0.38 

Gravel  on  road  per  cu.  yd $1 .  23 

Cement: 

Cement  stored  at  $1 .00  per  day  for  150  days. ...  $150.00 
Approximately  1 1 70  bbl.  stored.    Storage  per  bbl.  o .  13 

F.o.b.  Farmingdale  (est.) i .  30 

Handling  and  hauling  (o .  10  est.)  double  handling 
in  most  cases o.io 

Cement  per  bbl.  on  road $1  •  53 

This  price  also  approx.  cost  of  cement  bought  from 
Parker,  Hassam  Co. 
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Plant: 

(2)  I  auto  truck  (Sauer) $6,500.00 

1  Concrete  mixer 1,200.00 

2  doz.  shovels 21 .00 

2  teams  at  $700,  2  bottom  dumpers  at  $400. . .  2,200.00 

Forms  (wooden)  800  lin.  ft 40 .00 

8  barrows 24 .  00 

2  doz.  picks 42 .00 

I  bucket  conveyor,  loader 600 .00 

I  Screed 15.00 

Incidentab 20.00 

$10,672.00 

(3)  Pressure  water  from  fire  i^ugs 

Pavement  per  cu.  yd.  cone.  o.  10 $100.00 

1500  ft.  (lin.)  2"  pipe  ato.08 120.00 

100  ft.  2"  rubber  hose  50 .00 

300  ft.  1"  rubber  hose  45 .00 

fei5-oo 

(4)  Mampulation  per  cu.  yd.  in  place.    Tliis  does  not 

include  covering,  uncovermg,  sprinkling $0.92 

(5)  Forms: 

Setting  and  re-setting  forms  per  lin.  ft.  of  road.  $0.03 

3  X  1. 75  X  20  days 

' ^=  0.03 

-  .  3093 

(6)  Trimming: 

Per  cu.  yd.  of  concrete $0. 28 

6  men  @$  i .  75  20  dzys  =  $210 
roller   @  12.00    6    "     =      72 

$282  . 

=  0.28 

990 

cu.  yd.  of  cone. 

Expansion  joints  at  40^  apiece  every  30  ft. 

Covering  and  uncovering  and  wetting  concrete 
during  curing  season 

2  men  to  cover  @  $1 .  75 $3  •  50 

2  men  to  uncover  at  $1 .  75 3 .  50 

I  man  to  sprinkle 1.75 

$8.75 

8.7s  X  20      ^      -  . 

— '-^ =$0.18  per  cu.  yd.  cone. 

990 

Road  No.  Z203— Nassau  County 

(i)  Sand: 

In  Pit  of  Mr.  Bennett  per  cu.  yd $0.15 

Screening  and  loading  (estimated) o.  22 

Haul  2  mL  (auto  truck)  contractor  owner  @  o .  1 2  o .  24 

Cost  per  cu,  yd.  on  road $0 .  61 
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Trap  Rock  (Imported) 

F.o.b.  Baldwin  $1 .  59  per  cu.  yd $1 .  59 

Unloading  15^ 0.15 

Haul  1 . 6  mi.  at  2$^.  teams  and  auto  truck o. 40 

Stone  per  cu.  yd.  on  road $2.14 

Cemeni: 

F.o.b.  Baldwin  per  bbl $1 .  38 

Handling  and  hauling  per  bbl.  0.05 0.05 

Cement  per  bbl.  on  road $1 .43 

(2)  Plant: 

I  Screed $    20.00 

I  Concrete  Mixer 1800 .00 

I  Steam  Roller 3000 .  00 

1  doz.  Wheelbarrows 36 .00 

2  doz.  Shovels 21 .  oo 

3  Teams  at  $700,  3  Bottom  Dumpers  at  $400  3300.00 

1  Auto  Truck 5000.00 

2  doz.  Picks 42 .00 

Forms  (wooden  $20.00;  steel  $126.00) 146.00 

Incidentals 50 .00 

Water  Wagon 400.00 

$13,815.00 
Water: 

Pressure  line  fire  plugs,  total    $100.00 

4000  ft.  2"  pipe  .06    240 .00 

100    "    "  rubber  hose    50 .00 

300    "  i"      "         "      45.00 

$435  00 

(4)  Manipulation: 

Includes  all  works,  sprinkling,  covering,  uncover- 
ing, in  place  complete  per  cu.  yd $0.67 

(5)  Forms: 

Setting  and  resetting  forms  per  lin.  ft.  of  road.  .  0.05 

(6)  Trimming  (Sub-grade) 

Per  cu.  yd.  concrete  in  place o .  24 

Expansion  Joints  at  40^.  apiece  every  30  ft. 

Road  No.  12 19. — Suffolk  County 

(i)  Sand: 

In  bins  Heling  Bros,  pit  cu.  yd $0. 10 

Haul  by  auto  (contract)  i  .5  mi.  est.  0.30 0.30 

Cost  per  cu.  yd.  on  road $0. 40 

Gravel: 

In  bins  Heling  Bros,  pit  cu.  yd $0.75 

Haul  by  auto  (contract)  estimated  0.30 0.30 

Cost  per  cu.  yd.  on  road $1 .05 

Cemeni: 

Bbl.  f.o.b.  Farmingdale $1 .  27 

Handling  and  hauling 0.08 

Cement  on  road  per  bbl $1  •  35 
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(2)  Planl: 

Same  as  on  No.  1218 

(3)  Water: 

Cost  of  water $700.00 

I  mile  2"  pipe  at  0.06  per  ft 320.00 

100  ft.  2"  rubber  hose   50.00 

400  ft.  i"      "         "      60.00 

I  pump  and  gas  engine  (est.) 1000.00 

$2130.00 

(4)  Manipulalion: 

Includes  all  work;  sprinkling,  covering,  unco'^'er- 
ing,  in  place  complete  per  cu.  yd $0. 50 

(5)  Forms,  setting  and  resetting  per  lin.  ft.  of  road    ...  0.02 

(6)  Trimming: 

Per  lin.  ft.  of  road 0.06 

Expansion  joints  at  40ff  apiece  every  30  ft. 


Road  No.  12 18 — Suffolk  County 

(i)  Sand: 

In  bins  Heling  Bros,  pit  cu.  yd $0. 10 

Haul  by  auto  (by  contract)  i .  7  mi.  approz 0.40 

Sand  per  cu.  yd.  on  road $0. 50 

Gravel: 

In  bins  Heling  Bros,  pit  cu.  yd $0. 75 

Haul  by  auto  (by  contract)  approx 0.40 

Cost  per  cu.  yd.  on  road $1 .  15 

Cement: 

F.o.b.  Farmingdale *  . .  $1 .  27 

Handling  and  hauling ; .  0.08 

Cement  on  road  per  bbl $1-35 

(2)  Planl: 

Gravel  and  sand  screening  complete,  including 

various  set  ups    $15,000.00 

I  Concrete  Mixer 1,800.00 

I  Roller  2,800.00 

1  Screed 20 .  00 

18  Wheelbarrows   54.00 

2  doz.  Shovels 21. 00 

3  teams  @  $700,  3  bottom  dumpers  @  $400. . .  3,300.00 

2  doz.  Picks 42 .00 

I  rd.  Planer  and  Scarifier 600.00 

Forms  (steel) 630 .00 

Tarp>aulins 100 .00 

Incidentals 75  00 

$24,442.00 
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(3)  Water: 

Total  paid  for  water  approx $130 .00 

I  mile  2"  pipe  at  0.06 320 .00 

100  ft.  2"  rubber  hose  50. 00 

400  ft.  i"      "         "      60.00 

$560.00 

(4)  ManipidaUon: 

Includes  all  work,  sprinkling,  covering,  uncover- 
ing, in  place  complete  per  cu.  yd $0. 54 

(5)  Forms: 

Setting  and  resetting  forms  per  lin.  ft.  of  road...  0.02 

(6)  Trimming: 

Per  lin.  ft.  of  road o  .06 

Expansion  joints  40^  apiece  every  30  feet. 

COST  DATA 

Name  of  Road,  Huntington  Town  Line-Fanningdale,  Part   i 
(Suffolk  County) 

Length,  1.27  miles.  Thickness,  5"  &  7"  =  Av.  6". 

Width,  16'.  Proportions  of  mix,  i-iJ^-3. 

Total  No.  Cu.  Yd.  2051. 

1.  Labor,  exclusive  of  water  supply,  including  supervision. .  $0.56 

2.  Plant  forms  and  tools o . 61 

3.  Expansion  joint  material o  .06 

4.  Water  supply,  including  labor 0.12 

5.  Cement,  Placed  on  roadside  ready  for  mixer 2 .  13 

6.  Sand,  "       "        "  "       "       "     0.22 

7.  Stone,  "       "        "  "       "       "    1. 01 

8.  Reinforcement,  if  any o.po 

Total  per  cu.  yd $4  •  71 

Contractor's  Bid  Price 5 .30 

Labor,  rate  per  hour,  20ff;  Teams,  rate  per  hour,  S5ff;  Hours  in  day 

worked  10. 

Remarks:  Auto  truck  for  most  of  haul.  Gravel  furnished  by 
large  screening  and  washing  plant  accounts  for  high  plant  cost. 
Only  proportionate  part  charged  for  this  plant  as  it  is  to  be  used  to 
produce  commercial  output. 

Road  No.  1202— Nassau  County 

(i)  Sand: 

Estimated  at  o.  10  per  cu.  yd.  in  bins $0. 10 

Haul  (by  contract)  estimated  at  0.40  per  cu.  yd.. . .     0.40 

$0.50 
Gravel: 

Stiff  leg  derrick  set  up  (in  bins) $2 .00 

Haul  (by  contract)  estimated  at  o . 40  per  cu.  yd  —     0.40 

ist  set  up  per  cu.  yd.  on  road $2 .  40 
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Drag  line  set  up  per  cu.  yd $i .  20 

Haul  (by  contract)  estimated  0.40  per  cu.  yd 0.40 

2nd  set  up  per  cu.  yd.  on  road $1 .60 

Imported  gravel  per  cu.  yd.  scow  L.  I.  City 0.85 

Unloading  from  scow  L.  I.  City o.  15 

Freight  L.  I.  City  to  Central  Park 0.78 

Unloading  at  Central  Park o.  10 

Haul  (by  contract)  at  o.  20  per  cu.  yd. o.  20 

Cost  per  cu.  yd.  on  road $2 .08 

Average  cost  per  cu.  yd.  on  road  $1 .92. 
Cement: 

BbL  f.o.b.  Central  Park  {  f^ZA  } »'  •  ~ 

Haul  by  contract  per.  bbl 0.06 

Handling    0.02 

Per  bbl.  on  road $1 .  28 

(2)  Plant  estimated   $12,000.00 

(3)  WaUr: 

Cost  of  water $1,000.00 

4  mile  2"  pipe  at  $0.06  per  ft 1,270.00 

100  ft.  2"  rubber  hose  at  $0. 50 50 .00 

4ooft.i"      "         "         $0.15 60.00 

I  pump,  boiler,  etc 1,000 .00 

$3,380.00 

(4)  Manipulation: 

Includes  all  work,  sprinkling,  covering  and  uncover- 
ing; in  place  complete  per  cu.  yd. $0.64 

(5)  Forms: 

Setting  and  taking  up  per  lin.  ft.  of  road 0.04 

(6)  Trimming: 

Per  lin.  ft.  of  road o  .075 

Expansion  joints  at  40^  apiece  every  30  ft. 

COST  DATA 

Name  of  Road,  Little  Valley-Cattaraugus,  Part  z  (Cattaraugus 
County) 

Length.S.3Snules.{39^1i?-ft-;6£t.} 

TI,5^I,„«=.  /  6"  &  8"  =  Av.  7".  \ 
Thickness,!  sH" &  7"  =  Av.  6h".  I 
2.575  miles  completed. 

Width,  16  and  14.     Proportions  of  mix.  i-i  J^-3. 

Total  No.  Cu.  Yd.  8280 — ^This  cost  covers  4165  cu.  yd. 
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1.  Labor,  exclusive  of  water  supply,  including  supervision. .  0.423 

2.  Plant  forms  and  tools,    o .  662  +  o .  1 58  for  coal o .  820 

3.  Expansion  joint  material o  .045 

4.  Water  supply,  including  labor o  .030 

5.  Cement,  placed  on  roadside  ready  for  mixer i  984 

6.  Sand,          "       "        "           "       "       "     . 0.522 

7.  Stone,          "       "        "           "       "       "     1.505 

8.  Reinforcement,  if  any 0000 

Total  cost  per  cu.  yd 5 .324 

Contractor's  bid  price 6 .  30 


Labor,  rate  per  hour,  i8j^ff;  Teams,  rate  per  hour.  None  used; 

Hours  in  day  worked,  10. 

Remarks:  Industrial  Ry.  Plant  delivering  sand,  stone  and 
cement  into  hopper  of  concrete  mixer,  clam  shell  unloader  used  to 
take  material  off  cars.  Material  delivered  alongside  mixer  in 
buckets  proportioned  for  one  batch  size. 

For  plant  layout  see  illustration 


COST  OF  CONCRETE  WORK 

The  following  data  will  help  in  estimating  the  cost  of  small  con- 
crete jobs,  such  as  culverts,  walls,  etc.  This  data  was  collected  by 
Mr.  £.  E.  Kidder  during  the  season  of  1908..  Table  62  contains  the 
theoretical  proportions  of  cement,  sand,  and  stone  required  for  the 
three  ordinary  mixtures  of  concrete.  These  values  were  found  by 
experience  to  agree  with  actual  proportions  very  closely  for  )^"  to 
ij5"-stone.    (Continued  page  623.; 
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Table  62. — Materials  Required  for  i  Cu.  Yd.  of  Concrete 


Mixture 

Cement 

Sand 

Stone 

l-l4— « 

1 . 9  bbls. 
1-7    '' 

1.5    " 
1.2     " 

1.0    " 

0.42  CU.  yds. 

0.  52 

0.4s 

0.46      "             " 

0.47 

0.85  CU.  yds. 
0.77 
0.00 
0. 02 

0-9S 

*    **   0 

1—2—^ 

*     *    0 

1—2—4 

1—2^—? 

*    *  a    0 •  •  • 

I -2—6 

0    ^ 

The  amount  of  water  used  per  cu.  yd.  of  concrete  will  vary 
greatly.    A  plastic  mixture  usually  requires  about  30  gals,  per 
cu.  yd.,  according  to  Baker,  40  gals,  according  to  Barnes. 

Where  boulders  are  embedded  in  the  foundations  and  side 
walls  of  small  culverts  similar  to  Plate  15,  less  cement,  sand,  and 
stone  are  required;  our  experience  with  work  of  this  kind  shows 

total  amount  of  concrete  in  these  culverts  including  cover  and 
parapets.     For  all  classes  of  work  where  boulders  cannot  be  em- 
bedcled  these  proportions  are  about  right. 

[Cost  Data  Small  Culverts 


Per  Cu.  Yd. 


Forms  (labor)    $0.58 

Lumber o .  50 

^Labor,  mixing,  and  placing i .  18 

^Foreman o 

^Broken  stone*,  at  crusher o 

^Hauling  stone,  one  mile o 

Sand  at  pit  at  65  cts.  per  cu.  yd 0.32 

Hauling  sand  six  miles 0.75 

^Taking  down  forms    o.io 

Cement  at  culverts 2 .00 


20 
90 
30 


Total $6.83 

Labor,  $0.15  per  hour. 
Concrete,  hand-mixed. 

200  cu.  yd.,  placed  in  small  culverts,  averaging  12  to  15  cu. 
yd.  each. 

Note. — The  labor  of  placing  the  concrete  is  customarily  sublet  to 
masons  for  $2.00  per  cu.  yd. 

Small  Culverts 

Java  Center  Road.    George  A.  Wellman,  Engineer. 

One  hundred  and  sixty-one  cu.  yd.  of  concrete  in  culverts, 
averaging  12  to  20  cu.  yd.  each. 

Boulders  were  embedded  in  the  third-class  concrete.  Water 
only  had  to  be  hauled  for  30  cu.  yd.  of  concrete. 

^  Items  accurate;  other  items  approximately  correct. 
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Materials  I   Amt.  per  Cu.  Yd. 

of  concrete 


Item  Total  Unit  Total 

Quality  Cost  Cost 

Cement 138    bbl.  $1.12..   $154.56 

^Sand 60  cu.  yd.  i.oo..       60.00 

Crushed  stone  130  "      "  i  -55  •■     201 .50 

Lumber 3M 30.00..       90.00 


Material  Costs 
0.86  bbl.  $0.96 
0.37  cu.  yd.  0.37 
0.80  "  "  1.24 
0.56 


Total $3.13 

Costs  are  f.o.b.  unloading  point;  teaming  of  material  included 
in  the  labor  cost  given  below,  except  for  sand,  which  cost  $1.00 
delivered  on  the  job.     Concrete  mixed  and  placed  by  hand. 

Cost  of  Labor  and  Teaming 

Per  Cn. 
Item  Total      Yd.  of  Con- 

crete 

Foreman $93 .00 ...  .$0 . 58 

Labor,  unloading  stone  from  cars 20 .00 ... .  0.12 

Mixing,  placing  concrete,  and  removing  forms  204.00. ...   i .  27 

Carpenters,  building  forms 75 .00 ... .  o. 47 

Teaming 182 .00. ...   i .  13 

Total  Labor $3-57 

Total  Material 3  •  13 

Total $6.70 

Labor So.  175  per  hour 

Teams o.  50     "      " 

Carpenters 0.25 

Foreman o .  30 


ti      if 
tt      it 


SmAll  Span  Concrete  Arch. — The  following  information  of 
cost  of  19-ft.  span  concrete  arch  was  given  by  Mr.  Charles  M. 
Edwards,  First  Assistant  Engineer,  New  York  State  Depart- 
ment of  Highways.  Arch  was  built  at  Pembroke,  N.  Y.,  by 
a  contractor  who  was  crushing  stone  at  a  quarry  about  one-half 
mile  from  the  work.  Cement  was  hauled  three-quarters  of  a 
mile.  For  the  concrete  a  mixture  of  one  part  Portland  cement, 
two  parts  sand,  and  four  parts  stone  was  used,  llie  old  masonry 
abutments  and  wings  were  left  in  place  and  faced  with  8  inches 
of  concrete  held  by  dowels.  The  quantities  were:  Concrete,  120 
cu.  yd.;  steel  bars,  4500  lb.;  pipe  railing,  200  lin.  feet.  The 
cost  of  the  work  was  as  follows: 

» The  sand  on  this  job  cost  practically  nothing  but  we  have  placed  the  cost 
at  1 1. 00  in  order  to  avoid  a  misleading  item. 
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Lumber,  including  arch  centers  ...  $156.00  on  job 

Steel 106.00  "     " 

Cement 137.00  on  siding,  f.o.b. 

Stone 240 .00  on  job 

Dust  and  sand 90 .  00 

Railing 78 .  00  f.o.b.  siding 

Labor 300 .00 


Total $1107 .00 

Omitting  the  cost  of  railing  this  Sgure  gives  a  cost  of  $8.57 
per  cu.  yd.  of  concrete,  including  steel.  This  cost  does  not  in- 
clude salvage  of  lumber  or  overhead  expenses  of  any  kind.  The 
contractor  received  $1500.00  for  the  work,  including  the  earth 
filling,  for  which  he  used  quarry  strippings.  This  filling  cost 
about  $50.60. 

Ouard-Rail.— In  the  following  data  the  labor  cost  alone  is 
given,  for  the  materials  will  vary  so  much  at  different  times  and 
places  that  any  quotations  would  be  of  little  value. 

The  style  of  rail  erected  is  similar  to  sketch,  page  216.  Road 
715,  9760  lin.  ft.  were  built  at  the  following  cost,  according  to 
S.  O.  Steere,  engineer  in  charge:  Post-hole  auger-diggers  and 
ordinary  shovels  were  used;  the  holes  were  dug  in  medium  hard 
clay;  labor  at  $0.-20  per  hour,  foreman  $3.00  per  day;  unskilled 
labor  used  in  painting  fence. 

Digging  post  holes,  setting  posts,  nailing  on  rails  (erecting  fence 
complete) : 


Cost $0.0428  per  lin.  ft. 

Painting  thre%  coats 0.0094 


«      u      u 


Total  for  erecting  and  painting  $0.0522 


«     ti    It 


Road  5046,  W.  G.  Harger,  as  Engineer.  2448  lin.  ft.  Built 
by  subcontractor,  Max  Weller. 

Force:    Max  Weller  acted  as  foreman.    In  this  data  he  has 

been  arbitrarily  allowed  salary  of  $4.00  per  day $4 .  00 

I  helper   2 .  50 

I  2.00 

I       " I.7S 

Cost  of   erecting  and  painting  complete,  per  lin.  ft.  $0,066. 

Guard-Rail  Paint 

15  lb.  white  lead  \  ,  „„i  ^„-  ^ 

jI  gal.  oU  /  '  S^^  P*"'^- 

25  to  30  lb.  white  lead  and  i  H  gal.  oil  to  paint  100  ft.  guard- 
rail 3  coats. 

In  Report  of  1901  the  Massachusetts  Highway  Commission 
gives  the  following  costs  for  repainting  guard-rail: 
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Lineal  feet  of  guard-rail  painted 35o>33o 

Cost  of  paint  per  gal.  (freight  not  included) $  i .  05 

Cost  of  paint  per  fin.  ft.  of  guard-rail 0.0084 

Cost  of  paint  and  painting  per  lin.  ft.  of  guard-rail 0.0165 

Lin.  ft.  of  guard-rail  painted  per  gal 134 . 4 

No.  gal.  of  paint  used  per  lin.  ft.  of  guard-rail f.  0.0077 

Time  required  to  paint  one  foot,  in  decimals  of  an  hour. .     0.0269 

Concrete  Guard-Rail. — Style  of  rail  shown  in  sketch  on  page 
217,  chapter  on  Minor  Points. 

Labor,  $0,225  per  hour. 

Cost  of  manufacturing  1233  lin.  ft.  of  rail  of  the  above  de- 
scription. Taken  from  the  Report  of  the  New  York  State  Highway 
Commission  of  1910. 
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Lumber $  32 .46.  .•. . . .  $0,026  per  lin.  foot 

Steel 13964 0.114  " 

Cement 57  62 0.046  " 

Gravel 10.00 0.008  " 

Metal  cores 77.00 0.063  " 

Labor 231.83 0.188  " 

Miscellaneous 5 .  35 o  .004  " 

Total..! $553-90 0.449 

This  data  applies  to  small  quantities;  if  manufactured  on.  a 
large  scale  the  cost  should  be  reduced  to  about  $0.30  per  lin.  ft. 

The  cost  of  setting  the  above  rail  varied  from  $0.09  to  $0,125 
per  Un.  ft.:  labor  $0,225  per  hour.    This  does  not  include  haul- 
ing from  the  factory  to  the  intended  position  on  the  road. 
Cobble  Gutter. — Road  5046,  W.  G.  Harger,  Engineer. 

Labor,  $0,175  per  hour.    Foreman,  $3.50  per  day. 

Cobbles  averaged  6  in.  in  size;  no  sand  cushion  required,  as 
gutter  was  built  in  a  sand  cut.  Gutter  was  laid  by  ordinary 
laborers  using  paver's  tools;  tamped  with  a  paving  rammer,  and 
the  top  voids  filled  with  No.  2  stone  crushed  on  the  job. 

430  sq.  yd.  were  laid  at  the  following  cost  per  sq.  yd.: 

Cobbles,  free $0 .  000 

Loading  J^  cu.  yd.  of  cobbles o  .030 

Hauling  J^"      "    "        "       J^  mile 0.024 

Laying  and  tamping o .  080 

Filler. — Cost  of  0.05  cu.  yd.  No.  2  stone  at  crusher  bin, 

approximately o .  030 

Hauling  o  .05  cu.  yd.  i  mile o .  015 

Spreading  and  brooming,  0.05  per  cu.  yd.  No.  2  stone. . . .  o.oio 

Total $0,189 

PRICES  OF  VITRIFIED  PIPE 

The  discounts  vary,  but  if  no  quotations  of  current  prices  are 
available  the  following  list  will  serve  for  an  approximate  estimate: 


PLANT  AND  PAYROLL 

^  Eastern  List  191 2 
Size  Discount 

3"  to  24"    88% 

24"  and  30" 80% 

33"  and  36" 75% 
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At  these  discounts  the  net  prices  per  foot  in  car-load  lots  f.o.b. 
factory  are: 


Size 

Price 

Size 

Price 

3;: 

$0,024 

20^^ 

$0,270 

4 

0.030 

21'' 

0-325 

5 

0.036 

22^ 

0.360 

6" 

0.048 

24^^ 

0.390 

8" 

0.066 

2f 

0.900 

10" 

0.096 

30* 

1. 100 

12" 

0.120 

33" 

1.560 

< 

0.162 

36^^ 

1.750 

18" 

0.227 

— 

PLANT  AND  PAYROLL 

Table  6^^  page  628,  shows  in  a  convenient  form  the  value  of 
plants  and  the  largest  weekly  force  account  of  two  months'  dura- 
tion on  fourteen  roads  in  New  York  State.  From  this  and  other 
information  it  is  reasonable  to  assume  that  a  contractor  has  tied 
up,  outside  of  money  on  plant  and  materials,  from  $5000  to 
$8000  for  the  full  length  of  time  that  the  work  is  in  progress, 
and  for  short  periods  he  may  have  as  high  as  $15,000  or  $20,000 
invested. 

Interest,  Depreciation,  Repairs,  etc. — To  the  best  of.  my 
judgment  the  following  estimates  show  about  the  amount  of 
money  required  on  the  different  styles  of  construction  noted. 
These  data  are  based  on  an  outfit  which  would  be  capable  of  a  speed 
of  about  0.7  mile  per  month,  or  five  miles  in  a  season. 

Charge  for  bond  }i  oi  1%  total  contract  in  191 6.  There  is 
considerable  fluctuation  in  this  and  the  liability  insurance  rates. 
Use  the  prevailing  rate  for  your  conditions.  The  rates  given  in 
the  following  estimate  forms  are  for  New  York  State  conditions 
in  19 1 6. 

1  Engineering  News,  April  4,  1912. 
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Adopted  Value  of  Plant  Items 


Item 


lo-ton  roller 

Brick  roller 

Traction-engine 

Crusher 

Elevator 

Bin  and  screen 

S  H.P.  g^Une  engine 

Gas  engine  and  pump 

6000  ft.  of  pipe 

Wagons 

Hand  tools 

Plows 

Road  machine 

Tar  kettle 

Wheel  scraper 

Slush  scraper 

lo-ton  roller  used  for  hauling 
Hauling  traction-engine 


Value 


$2700 
1800 

I2CO 

900 
200 
500 
250 
200 
6co 

"5 
150 

ICO 

200 
$125-200 

70 

6 
2700 
2200 


Life 


20  yrs. 
20  " 
8  " 


8  " 


8 

5 

say  10 

6 

I 

3 

5 


it 
ti 


5   " 

5   " 
10  " 

8   " 


Annual 
Kcpalw 


$70.00 

40.00 

100.00 

400.00 

50.00 
50.00 
10.00 
10.00 


10.00 

*  10.00 

10.00 

200.00 
200.00 


'  Including  new  tank  every  three  yean. 

6%  Interest  and  Depreciation  on  Plant  Items 


Item 


Roller 

Traction-engine  . , 

Crusher 

Elevator 

Screen 

Bin 

Gasoline  engine.. . 
Gasoline  pump  . . . 
6000  feet  I J^  pipe. 


Wagons 

Hand  tools 

Plows 

Tar  kettle 

Concrete  mixer 

Brick  roller 

Wheel  scrapers 

Slush  scrapers 

Roller  used  for  hauling 
Hauling  engine  . .-! 


Interest 


$162.00 

72.00 

54.00 

12.00 

3.00 

30.00 

15.00 

12.00 

36.00 

6.00 

9.00 

6.00 

12.00 

120.00 

108.00 

500 

162.00 
Z32.QO 


Deiveciation 


$13500 

150.00 

100.00 

30.00 

50.00 

40.00 

30.00 

40.00 

60.00 

20.00 

150.00 

30.00 

10.00 

100.00 
1500 

270^00 
300.QO 


Charge  for  bond  Hot  1%  total  contract  in  19 16.    There  is  considerable 
fluctuation  in  this  and  the  liabiUty  insurance  rates.    Use  the  prevailing 
r^e  for  your  conditions.    The  rates  given  in  the  following  estimate  tonn*^ 
artk  fnr  New  York  State  oon(Htion8  in  I9i6.i 
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PLANT  FOR  WATERBOUND  MACADAM  IMPORTED  STONE 

Elevator   unloading   plant,   provided   more  than  2000  cu.  yd. 
of  stone  is  to  be  unloaded. 


ITEII 

Elevator   

Bin 

5  H.P.  gasoline  engine 

1  roller  with  broom  and  sprink- 
ling attachment 

6000  ft.  li^  pipe 

Gasoline  engine  and  pump 

Hand  tools 

Plows 

Road  machine 

2  wheel  scrapers 

2  slush  scrapers 

15  wagons 

Totals  one  season's  work  5  miles 
Total  per  mile 


Interest 


$12.00 
30.00 

15-00 

162.00 

36.00 

12.00 

9.00 

6.00 

12.00 

5.00 

80.00 


$379.00 
76.00 


Depreciation 


Repairs 


$30.00 
40.00 
30.00 

135.00 
60.00 
40.00 

150.00 
30.00 
40.00 
15-00 

300.00 


$870.00 
174.00 


$50.00 
50.00 
50.00 

70.00 
10.00 
50.00 


10.00 
10.00 

150.00 


$450.00 
90.00 


Force  account  money  out:  Allow  six  weeks  out  continually  for 
length  of  job  at  J^%  interest  per  month. 

Allow  $6000  out,  or  $40.00  mterest  per  mile  on  force  account. 

Bond  charge:  Ji  of  1%  contract  price;  approximately  $25.00 
per  mile.  Insurance  charge:  $2.00  per  $100.00  total  force 
account,  approximately  $100.00  per  mile. 

Allow  for  moving  plant  on  job,  $500.00  lump  sum. 


Plant  for  Waterbound  Macadam  Local  Stone 


Item 

Interest 

Depreciation 

Repairs 

I  traction  ensrine 

$  72.00 

100.00 

10.00 

12.00 

322.00 

$150.00 

220.00 

50.00 

30.00 

770.00 

$100.00 

I  crusher  and  bin 

400.00 
80.00 

I  steam  drill  and  bits 

I  small  boiler  for  drill 

Roller,  pipe,  gasoline  engine  and 
pump,  hand  tools,  plows,  road 
machine,  scrapers  and  wagons 
as  for  imported  stone  plant. 
Total  of  these  items 

20.00 
300.00 

Total  for  season,  5  miles 

Total  per  mile 

$516.00 
103.00 

$1220.00 
245.00 

$900.00 
180.00 

PLANT  CHARGES 
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Force  account  slightly  larger  on  local  stone  roads.     Approxi- 
mately $7000.00  out. 

Interest  on  force  account $50.00  per  riiile 

Bond  charge 20 .  00    "      " 

Insurance 120 .  00    "      " 

Moving  plant  on  job,  $500.00  lump  sum. 

Plant  for  Bituminous  Macadam  Imported  Stone 


Item 


Elevator  imloading  plant 

2  rollers 

3  tar  kettles 

Hand  tools,  plows,  road  machine, 

scrapers  and  wagons  as  for 
waterbound  macadam.  Total 
of  these  items  .• 


Total  for  season,  5  miles , 
Total  per  mile 


Interest 


$60.00 

320.00 

36.00 


112.00 


$528.00 
106.00 


Depreciation 


$100.00 
270.00 


535.00 


$905-00 
181.00 


Repairs 


$150.00 

140.00 

30.00 


170.00 


$490.00 
98.00 


Interest  on  force  account $  40.00  per  mile 

Bond  charge 30.00    " 

Insurance. loo .00    " 

Moving  plant  on  job,  $500.00  lump  sum. 

Plant  For  Bituminous  Macadam  Local  Stone 


Item 

Interest 

Depreciation 

Repairs 

I  traction  eneine 

$72.00 

100.00 

10.00 

12.00 

468.00 

$150.00 

220.00 

50.00 

30.00 

805.00 

$100.00 

400.00 

80.00 

20.00 

340.00 

I  crusher  outfit 

I  steam  drill  and  bits 

I  portable  boiler  for  drill 

Rollers,  hand  tools,  plows,  road 
machine,  scrapers,  wagons,  and 
tar  kettles  as    for   imported 
stone.    Total  of  these  items. . 

Total  for  the  season,  5  miles. . 
Total  rwfr  mile 

$662.00 
132.00 

$1255.00 
251.00 

$940.00 
188.00 

Interest  on  force  account $50 .00  per  mile 

Bond  charge 25 .  00    " 

Insurance 120.00    " 

Moving  plant  on  job,  $500.00  lump  sum: 


(< 
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COST  DATA  AND  ESTIMATES 


FORMS  FOR  ESTIMATES  (Macadam  Roads) 

The  following  forms  of  estimate  have  proved  very  satisfactory. 
The  item  of  6%  on  materials  is  used  to  cover  demurrage  and 
interest  on  money  tied  up  on  freight  and  stone.  The  other  items 
of  profit  are  what  we  consider  a  reasonable  return  for  the  risk  of 
such  contract  work.  Mechanical  hauling  is  not  considered, 
because  few  contractors  own  plants  that  make  it  possible.  The 
total  item  of  interest,  depreciation,  repairs,  and  interest  on  force 
account  money  for  the  whole  job  is  charged  against  top  and  bottom 
stone,  as  the  construction  quantities  of  the  macadam  will  vary  less 
from  the  estimated  quantities  than  any  other  classes  of  work. 

Standard  Estimates. — Figured  on  the  basis  of  20%  profit  on 
labor,  6%  on  materials,  6%  on  money  invested,  and  an  allowance 
made  for  depreciation  on  different  plants,  as  previously  given. 


Labor  at  $0. 175  per  hour 
Teams  at  $0 .  450 


(t 


a 


Earth  Ezcavatioa. 


Class 

Amount  per  Mile 

Price  per  Cu.  Yd. 

Easy 

Easy    

Easy    

Average 

Average 

Hard 

Hard 

5,000-10,000  cu.  yds. 
3,000-  5,000  cu.  yds. 
1,500-  3,000  "       " 
3,000-  5,000          " 
1,500-  3,000  "       " 
3,000-  5,000  "      " 
1,500-  3,000  "      " 

$0.40 

0.45 
0.50 

0.50 

0.60 

0.60 

0.70 

Rock  Excavation. 

Large  boulders  (for  which  10  cu.  yd.  a  mile 

are  allowed  on  all  estimates) $1 .  50  per  cu.  yd. 

i  Steam  drillwork,  limestone $0.80  to  i . 25    "     "     " 
"            "         granite 0.80  to  1.50"    "     " 
Hand         *'         limestone 2.00  "    "     " 
granite 2.00   "    "     "' 

1.  Large  quantities. 

2.  Small  quantities. 

Field  Stone  Sub-base. 

A  sub-base  course  6  in.  deep  made  of  the  usual  size  fence  stone 
requires  i  cu.  yd.  loose  for  i  cu.  yd.  rolled;  12  in.  deep  requires 
1.25  cu.  yd.  loose. 


FORMS  FOR  ESTIMATES  633 


Cost  of  cobbles  per  loose  cu.  yd $0.10 

Xx)ading  cobbles  per  loose  cu.  yd 0.15 

Hauling  cobbles  i  mile  per  loose  cu.  yd.  0.35 

Placing  cobbles  per  loose  cu.  yd o .  10 

^Rolling  cobbles  per  loose  cu.  yd o  .05 

Filler  (see  below) — 


Multiply  these 
items  by  1.25  for 
1 2 -in.  depth  of 
sub-base. 


Total $  — 

20%  profit — 


Estimate $  — 

Filler. 

J^  cu.  yd.  per  cu.  yd.  rolled  sub-base. 

Cost  }i  cu.  yd.  at  pit  or  crusher $  — 

Loading  J^  cu.  yd o  .05 

Hauling  ^i  cu.  yd.  i  mile o.  10 

Spreading  J^  cu.  yd o  .04 


Total $  — 

Sub-base  Bottom  Course. 

Same  relation  of  loose  and  rolled  quantities  as  for  sub-base. 

Cost  fence  stone  per  loose  cu.  yd $0 .  10 

Loading  fence  stone  per  loose  cu.  yd 0.15 

HauHng  i  mile  per  loose  cu.  yd o .  35 

Placing  and  sledging o .  20 

Rolling o .  05 

Filler  (see  below) — 

Totel $  — 

20%  profit — 


Filler. 


Estimate $  — 

yi  cu.  yd.  per  cu.  yd.  rolled  sub-base.    . 

Cost  yi  cu.  yd.  at  pit  or  crusher $  — 

Loading    o. 05 

Hauling  0.33  cu.  yd.  filler  per  mile o .  10 

Spreading  and  brooming o .  08 

Total $  — 

Imported  Bottom  Stone  Materials. 

3"  course,  3050^  lb.  f.o.b.  crusher $  — 


4"       "     3150    "      "  " 


6%  profit. 


Total 

Freight  on  stone  to  delivery  point. 


Total,  No.  I $ 

1  These  weights  are  for  limestone.    See  page  591. 
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Labor. 

Unloading 

Under  2000  cu.  yd.  (shoveling) $0.15  per  cu.  yd. 

Over  2000  cu.  yd.  (elevator) o.  10 

Hauling  (Teams) 

Bad  conditions o. 35 

Average  conditions 0.30    " 

Good  conditions o.  25 

Mechanical  hauling 0.15 

Spreading 

5K  in.  loose  depth 0.06    "     "      " 

4  in.  loose  depth 0.08   "    "      " 

Rolling 0.05    "    "      " 

At  this  point  total  up  and  add  30%  of  the  total  to  change  the 
estimate  from  loose  to  rolled  measure. 

Filler  (see  below) 

Labor,  total $  — 

20%  profit — 

Total,  No.  2 $  — 


FiUer. 

Cost  of  0.3s  cu.  yd.  at  pit  or  crusher .  $  — 

Loading  0.35  "     "  0.05 

Hauling  0.35  "     "    i  mile  @  $0.35  per  yd.  mile. . .     0.12 

Spreading  and  brooming  o . 35  cu.  yd. o . 07 

Filler,  Total $  —- 


Summary. 

Total  No.  I   (materials) $  — 

Total  No.  2  (labor)  — 

Interest  and  depreciation  (see  page  630) — 

Estimate $  — 


Imported  Top  Stone  Waterbound  Macadam  Materials. 

^4450  lb.  stone  f.o.b.  (limestone) $  — 

6%  profit    — 

Total $  — 

Freight  on  stone  to  delivery  point — 

Total  No.  I $  — 

» These  weights  are  for  limestone.    See  page  591. 
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Labor. 

Unloading  (same  as  bottom) $  — 

Hauling  (same  as  bottom) $  — 

Spreading o.  08 

Rolling 0.04 

Puddling o .  06 

Total,  loose  measure $  — 

Add  30% — - 

Total  roUed  measure $  — 

Screenings.     (See  below) '. .       — 

Total $  — 

20%  profit — 

Total  No.  2   $  — 

Screenings. 

^Unloading  o. 5  cu.  yd $0.07 

Hauling      0.5  "     "  i  mile 0.15 

Spreading   0.5  "     "by  cross  dump  wagons 0.03 

o.s  "     "    hand 0.07 


Total $  — 


Summary. 

Total  No.  I  (materials) $  — 

Total  No.  2  (labor) — 

Interest,  depreciation,  etc — 

Estimate 


IMPORTED  TOP  STONE  BITUMINOUS  MACADAM. 
PENETRATION  METHOD 

Materials  (per  consolidated  cu.  yd.). 

2"  course,  4350  lb.  stone  and  screenings,  f .o.b.  crusher 

3"      "       4050   "       "       "  "  "        **        

gal.  bituminous  binder,  f.o.b.  plant 

6%  profit 

Total 

Freight  on  materials  to  delivery  point 


Total  No.  I  (materials) $- 

1  Screenings  are  usually  unloaded  by  hand. 
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Labor. 

No.  3  stone  (2 J^"  size) 

Unloading  i  cu.  yd.  (same  as  given  page  634)  $ — 

Hauling  i  cu.  yd.  "      "      "      — 

Spreading  i  cu.  yd.       "      "      "      — 

Rolling  I  cu.  yd o .  09 

Total $— 

Add  20%  for  2"  course,  30%  for  3"  course. . .     — 

Total  No.  2 

No.  I  A,  No.  2,  and  Bitumen. 
Unloading  0.6   cu.  yd.  for  2"  course  (same  as  given) 

Hauling  at  the  rate  of  $0.30  per  yd.  per  mile 

Hauling  bitumen  at  rate  of  $0,002  per  gal.  per  mile 

Spreading  and  brooming  No.  i  A  and  No.  2  at  rate  of  $0 .  30 

per  cu.  yd 

Mampulation  of  heating  and  spreading  bitumen  at  $0,015 

per  gal 

Total  No.  3   

Total  No.  2   

Total 

Add  20%  profit 

Total  No.  4  

Summary. 

Total  No.  I  (materials) $  — 

Total  No.  4  Oabor) — 

Interest,  depreciation,  etc — 

Estimate $  — 

LOCAL  STONE  MACADAM 

Field  Stone. 
I  cu.  yd.  field  stone  =  i  cu.  yd.  crushed. 
1 . 8  cu.  yd.  field  stone  =  i  cu.  yd*  No.  3  and  No.  4  rolled. 

Cost  of  field  stone    $0. 10  per  cu.  yd. 

Blasting  or  sledging,  per  cu.  yd.  actually  blasted 

or  sledged 0.40    "    "     " 

Loading  field  stone 0.15 

Hauling  field  stone  i  mile o .  35 

Crushing .  — 

Sandstone  (soft) $0.10 

Limestone o-  iS 

Granite  and  trap  rock o .  20 
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Total  cost  in  bins  (loose  including  Nos.  i,  2,  3, 

and  4  stone)  per  cu.  yd $ —      " 


Quarried  Stone. 

Limestone,  quarrying,  small  quarries $0. 50    " 

Conglomerate,      "        "          "        o.  75    " 

Trap,                     "        "          "        0.65    " 

Crushing  (same  as  above) — 
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Total  cost  in  bins $—     "    "     " 

The  crushing  does  not  include  repairs  to  crusher. 
The  crushing  is  taken  from  previously  given  data. 
The  item  of  quarr3dng  includes  delivery  to  crusher. 

Estimate  of  Bottom  Stone. 

Cost  in  bins,  per  cu.  yd $  — 

Loading,  per  cu.  yd o. 01 

Haul  (same  as  bottom,  page  634) — 

Spread  (same  as  bottom) — 

Rolling  (same  as  bottom) — 

Total  (loose  measure)    $  — 

Add  30%   — 

Total  rolled  measure    $  — 

Filler  (same  as  bottom) — 

20%  profit — 

Total,  No.  I $  — 

Interest  and  depreciation — 

Estimate $  — 

Local  Top  Stone. 

Cost  in  bins,  per  cu.  yd $  — 

Manipulation  same  as  for  imported  stone . .      — 

Total $  — 

20%  profit — 

Total  No.  I   $  — 

Interest  and  depreciation — 

Estimate $  — 

IiCPORTED  No.  2  Stone,  Estiiiated  Loose 

Material. 

2400  lb.  stone,  per  cu.  yd $  — 

6%  profit — 

Total  No.  I   $  — 
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Unloading  (same  as  bottom)    — 

Haul  (same  as  bottom)   — 

Spreading *. o.  lo 

Total $  —- 

20%  profit — 


Total  No.  2   $ 

Total  No.  I  (material) $ 

Total  No.  2  flabor) 


Estimate $ 

Local  No.  2  Stone 

Cost  per  cu.  yd.  in  bins $ 

Haul  same  as  above 

Spreading  same  as  above 


Total 

20%  profit, 


Estimate 


The  following  is  an  example  of  the  method  of  using  these  standard 
forms. 

Estimate  for  Local  Fence  Stone  Crushed  Macadam  Bottom 

Course 

Assume  that  stone  will  cost  $0. 10  per  cu.  yd.  in  the  fences. 
"       J^  mile  average  haul  to  crusher. 
''       20%  of  the  stone  has  to  be  sledged  or  blasted. 
"       5i  of  a  mile  average  haul  from  the  crusher. 
**       that  filler  costs  $0. 15  per  cu.  yd.  in  the  pit. 
"       average  haul  of  J^  mile  for  filler. 

"       that  the  interest  and  depreciation  charge  for  the  total  job, 
say  4  miles,  is  distributed  over  6000  cu.  yd.  of  macadam. 
Use  Standard  form  for  Local  Bottom  Stone,  given  on  page  636. 

Cost  I  cu.  yd.  field  stone $0. 10 

Blasting  and  sledging  J^  cu.  yd.  stone o .  08 

Loading  i  cu.  yd.  field  stone o-  iS 

Hauling  i  cu.  yd.  field  stone  }^  mile o.  i8 

Crushing  i  cu.  yd.  (Mixed  granite  and  sand- 
stone)       0.15 

I  cu.  yd.    Total  cost  in  bin. ...  $0.66 

Cost  I  cu.  yd.  crushed  stone  in  bins $0.66 

Loading  on  wagons,  per  cu.  yd o .  01 

Haul  to  road,  average  conditions,  ^  of  a  mile  o.  22 

Spreading  sJ^"  loose,  per  cu.  yd 0.06 

Rolling   0.05 

Total $1.00 
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Add  30%  ; 0.30 

Per.  cu.  yd.  rolled  measure $1 .30 

Filler  (see  below) 0.31 

Labor,  total $1.61 

Add  20%  profit o. 32 

Total,  No.  I $1 .  93 

Interest,  depreciation,  etc.  (see  below) 0.56 

Estimate  per  cu.  yd.  rolled  in  place $2 .  49 

say  $2 .  50. 

Filler. — As  mentioned  on  page  597,  the  screenings  produced  in 
crushing  bottom  only,  as  in  this  case,  will  amount  only  to  50%  of 
the  required  fiUer,  therefore  two  estimates  must  bie  made  for  filler 
as  below: 

Screenings  for  Filler. 
Cost  of  0.3s  cu.  yd.  screenings  in  bin  @  $0.66  per  cu.  yd.  $0. 230 

Loading  0.35  "      "  "         from  bin 0.003 

Hauling  0.35  "      "  ^       .  "         %  of  a  mile 0.077 

Spreading  and  brooming  0.35  cu.  yd o. 070 

Total $0,380 

Sand  Filler. 

Cost  of  sand  in  pit  o. 35  cu.  yd , . . . .  $0 . 052 

Loading  0.35  cu;  yd o. 050 

Hauling  0.35  "     "     H  mile  (short-haul  figures) 0.060 

Spreading  and  brooming  0.35  cu.  yd 0.070 

Total $0. 232 

Average  these  costs  as  the  screenings  must  be  utilized  to  use  up 
the  total  output  of  the  crusher.    Average  filler  $0.31. 

Interest,  Depreciation,  etc. — From  page  630,  using  value  adopted 
for,  say,  waterbound  macadam  roads,  the  following  charge  for  a 
4-mile  road  is  figured: 

Interest  on  plant 4X103.00. . . . .  $412 .00 

Depreciation  on  plant 4X245.00 980.00 

Repairs  on  plant 4X180.00 720.00 

Interest  on  payroll 4X  50 .00 200 .00 

Bond  charge 4X  20 .00 80 . 00 

Insurance 4X120.00 480.00 

Moving  plant  on  job 500.00 

Total $3372.00 

to  be  spread  over  6000  cu,  yd.  of  macadam. 

3372 

6000  =0.56  cents  per  cu.  yd. 


« 
« 
« 
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The  cost  of  an  improved  Iiig^way  generally  depends  on  the  item 
of  top  and  bottom  stone  in  place  complete,  "htany  of  the  minor 
items  have  standaid  prices.  Such  items  as  cast-iron  pipe,  the  vari- 
ous sizes  of  tik,  pipe  railing,  mesh  reinforcement  steel,  etc.,  will 
hardly  vary  in  price  uiroughout  the  Eastern  States.  A  table  of  these 
standard  prices  as  used  by  the  New  York  State  Hi^way  Com- 
mission is  given  below. 

It  win  be  noted  that  all  of  these  items  have  little  bearing  on  the 
total  cost,  and  that  the  items  of  Earth  Excavation,  Sub-base,  or 
Sub-base  Bottom  Course,  Macadam  Bottom  and  Top  Course,  Con- 
crete Foundation,  Brick  Pavement,  etc.,  which  of  necessity  are  not 
standard  in  price,  determine  whether  or  not  the  r^nd  is  to  be 
expensive. 

Unit  Pkices  Minor  Ixehs  (Date  191 5) 

Overhaul  on  excavation $  o.oi  per  yd.  sta 

Third-class  masonry  cement  joints. . .  6.00  per  cu.  yd. 

Second-class  concrete 9.00   "    "     " 

llurd-class  concrete  (stone) 7.00   "    "     " 

(^avel) 5.50   "    "     " 

Pointing  old  masonry o.  75    "    sq. 

Riprap i .  50   "    cu. 

Paving  cement  joints i .  50   "    sq. 

Cobble  gutter 0.50   "      "    " 

Expanded  metal 0.08   "      "  ft. 

Guard-rail o. 30   "   lin.  ft. 

2"  pipe  rail 1.50   "     "    " 

Concrete  guard-rail i .00.  "     "    " 

Cast-iron  pipe  in  place 35  •  00   "  ton 

6"  V.  T.  P.  m  place 0.30   "  lin.  ft. 

i2"V.  T.  P.  '^    "    0.60   "     "    " 

iS"V.  T.  P.  «     "    0.90   "    "    " 

i8"V.  T.  P.  "     "    1. 10   "     "    " 

24"V.T.  P.  "     " 2.00"     V    " 

Relaying  old  pipe o.  10   "    "    " 

4"  farm  tile  under  drain  in  place o.io   "     "    " 

Steel  in  place 0.05    "   lb. 

Oak  timber  in  place 50.00   "   M.B.M. 

Hemlock  timber  in  place 40.00   "   M.B.M. 

Danger  signs 2 .  00  each 

Guide-board  posts 6 .  00     " 

Highway  No.  signs i  .00     " 

(juide  signs  per  letter o.  15     " 

The  item  of  Earth  Excavation  as  shown  in  Table  56  may  vary 
between  40  f  and  65  fl.  In  extreme  cases  where  material  is  difficult  to 
handle,  it  may  be  estimated  still  higher.  A  particular  instance  of 
costly  excavation  where  70^  was  estimated  occurs  on  a  road  near 
the  Lackawanna  Steel  Plant  at  Buffalo.  This  road  had  been  filled 
with  slag  from  time  to  time. 
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In  the  remaining  variable  items  the  length  of  haul  is  a  governing 
factor  and  three  actual  conditions  of  determining  the  average  haul 
are  given  here  before  proceeding  farther  with  tiie  estimate  data. 

The  following  cases  1,2,  and  3  show  also  tiie  New  York  method 
of  estimating  where  interest  and  depreciation  are  not  directly 
considered. 

Case  I 

The  simplest  possible  conditions.  Perry  Village  County  High- 
way, Wyoming  County,  N.  Y.  Imported  stone,  delivery  at  middle 
of  road — coal  trestle  available  for  unloading — ^no  dead  haul  to  road. 
Koad  16  feet  wide  throughout. 

Railroad  at  Station  60,  Station  o  +  00  =  beginning  of Jcon tract 

106  +  23  =  end  of  contract 

For  ease  of  computation,  say  stone  runs  10  yd.  to  mile. 

Station  o  +  00  to  60 
I.I  miles  average  0.55  miles  0.55  miles X 11  yd.  =6.05  yd.  miles 

Station  60  +  00  to  106  +  23 

o       .,  .,     0.44  miles X 8. 7  yd.  =  3. 83  yd.  miles 

o .  87  miles  average  o .  44  miles  — ^^  .  ,     . -7 op*^, ^^~ 

Total  yd.  19.7  9.88yd.  miles 

Total 

9 .  88  yd.  miles  .,  ,      , 

^ — 1 =  o .  50  miles  average  haul 

19.7  yd. 

Completion  of  Perry  Village  Estimate. 

Stone  from  Rock  Glen  Quarries    Stone  $0.65  per  ton  f.o.b. 

Cu.  yd.  =  2400  lb.  Freight  040    "      "      " 

Sub-base  Stone  0.50    "      "      " 

Bottom 

Stone 78 

Unloading 15 

Average  haul  }i  mi.  at 

0.3s 175 

Manipulation 30 


Consolidation  (plus  ^i)   .468 


Top 
.78 

Screenings       Sub-base 
.78                  .60 

.15 

.15 

.15 

.175 

.175 

•175 

.25 

.20 

.20 

.451 

I. 30s       _ 
.5220 

.22 

.522 
•465 

.832 

Sand 

(40+08 
+  .096) 

.50 
.369 

.576 

Filler  (}4  cu.  yd.  sand  Screen- 

at  $1 .  00) 50        ings 

Profit  (20%) 474 

Freight    (40  +  o. 08  +  (40+ . 08+ 

0.16)., 64     .16+192) 

6%  interest  on  freight 
to  cover  demurrage, 
etc .038  .05    •  .034 

Manipulation  of  Bi- 
tuminous Material. .60  

$3,525  $4,275  $2,824 

Use  $3.55  Use  $4.30  .     Use  $2.80 


642  COST  DATA  AND  ESTIMATES 

Case  II 

The  Walker-Lake  Ontario  Road,  Monroe  County,  N.  Y.     Road 
extends  from  Station  o  +  oo  to  Station  197  +  45.   ^ 
Local    stone — mostly   fences.     Because    of    location  of  stone  as 
determined  by  engineer's  inspection,  it  was  determined  to  make 
three  set-ups  of  crusher,  at  Station  40,  104  -h  50  and  at  Station 

157. 
The  hauls  from  sjLone  piles  to  these  crushing  points  were  figured 

in  the  regular  manner.    From  the  crusher  to  road,  the  hauls  were 
arranged, 

From  Station  40  —  haul  stone  0  +  00  to     77+00 

"  "   104  +  50  haul  stone  77  +  00  "    130  -j-  00 

".       L"   157  "        "  130  +  00"   197+45 

Care  was  taken  to  see  that  enough  stone  was  available  near  each 

crushing  point  to  furnish  macadam  between  stations  supplied  from 

that  set-up. 

The  widths  of  road  were  as  follows: 

o  +  00  to    40  +  00—12'  wide 
40  +  00  "    66  +  60  —  16'  wide 
66  +  60  "  129  +  50  -  14'      " 
129  +  50  "  197  +  45  -  12'     " 
Use  10  yd.  per  mile  for  12'  road 
proportionally  1 1 . 7  yd.  mile  for  14'  road 

13.3    "      "      "   16'    " 
Haul  on  road  from  Station  40  +  00 

12'  wide  o  +  CO  to  40  +  00 

0.76  miles  average  .38  .38  miles  X  7.6  yds.  =  2.89  yd.  miles 

16'  wide  40  +  00  to  66  +  60 

.50  miles  average  .25    .25  miles  X  6.6  yds.  =  1.65  yd.  miles 

14'  wide  66  +  60  to  77  +  00 

.20  miles  average  .1 

plus  dead  haul     ^ 

.6      .6   miles  X  2.3  yds.  =  1.38 

16.5  5.92  yd.  miles 

Haul  on  road  from  Station  104  +  50 

14'  wide  Station  77  +  00  to  129  +  50  (say  130) 

77  +  00  to  104  -f-  50 

.52  miles  average  .26    .26  miles  X  6.1  yds.  ==  1.59  yd.  miles 

104  +  50  to  130 

.48  miles  average  .24    .24  miles  X  56  yds.  =  1.34  yd.  miles 

H.7  yds.      2.93  yd.  miles 

Haul  on  road  from  Station  157 

12'  wide  Station  129  +  50  (say  130)  to  197  +  45 

130  to  157 

.51  miles  average  .26    .26  miles  X  5.1  yds.  =  1.33  yd.  miles 

157  to  197  +  45 

.76  miles  average  .38    .38  miles  X  7.6  yds.  =  2.89  yd.  miles 

12.7  yds.      4.22  yd.  miles 
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Average  haul  for  entire  road 

From  Station  40  16.5  yd.  5-92  yd.  miles 

"        104  + so  II.  7    "  2.93   "        ** 

"        IS7  12.7   "  4.22   "        " 

40-9   .  13  07 

13 .07 -5- 40.9  =  0.32  miles 

say  o .  3  miles  average  haul 

Sub-base  Bottom  Course 

Stone $0.15 

Sledging,  blasting,  and  sorting  30 %  of  stone  at  o. 35  per  yd.  o.  105 

Loading  into  wagons 0.15 

Haul  to  crusher  at  Stations  40,  104  +  50  and"  157.    One 

mile  at  0.35 0.35 

Haul  on  road  0.3  mile  at  o . 35 o- 105 

Manipulation o.  20 

Consolidation  (plus  }i) 0.212 

Filler  ( J^  cu.  yd.  sand  at  o .  80)    o. 40 

Profit  (20%) 0.334 

$2,006 
Use  $2 .  00 

Local  Stone  Top  Course — Bituminous  Binder 

Top  Course     Screenings 

Stone 0.15  0.15 

Sledging,  blasting,  and  sorting  60%  of  stone  at 

0.35 0.2I  0.21 

LoacUng  into  wagons 0.15  0.15 

Haul  to  Crusher  at  Stations  40, 104  +  50 

and  157.     I.I  miles  at  0.3s 0.385  0.385 

Crushing 0.35  0.35 

Haul  on  road  0.30  miles  at  0.35 o.  105  o.  IC5 

Manipulation o.  20  o.  20 

Consolidation  (plus  J^) o.  517  i .  55 

X  0.4 

Filler  (0.4  cu.  yd.  of  screenings) o . 620         o .  620 

Profit  (20%) 0.537 

Manipulation  Bituminous  Material 0.60 

$3-824 
Use  $3 .  85 

Case  III 

The  Obi-Cuba  Highway,  #965,  Allegany  County,  N.  Y. 
9 .  93  miles  long. 

From  a  field  inspection  of  this  road,  it  was  found  that  stone  was 
available  at  both  ends  of  road,  but  not  in  the  middle.    An  ample 
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supply  of  good  gravel  was  found  in  the  middle  section,  and  it  was 
determined  to  build  a  concrete  base  with  bituminous  top,  this  tjrpe 
of  road  being  the  only  one  which  could  be  built  using  local  material. 
The  hauls  and  freight  charges  on  imported  material  would  make  the 
cost  prohibitive. 

The  road  was  divided  into  three  sections  as  follows: 

Station      o  +  oo  to  330  local  field  stone      concrete. 

Station  330  -f-  00  "  460  "     gravel  " 

Station  460  -f-  00  "  524  +  14  "     quarry  stone        " 

Haul  on  stone  o  +  00  to  330.  Crusher  at  146,  220,  and  285. 
These  crusher  set-ups  were  determined  upon  mor«  by  reason  of 
nearness  of  stone  supply  and  grade  of  haul  than  to  equalize  the 
hauling  distance.  .The  haul  to  the  crusher  was  figured  for  the 
separate  sources  of  supply  and  found  to  average  i  J^  miles. 

H  aid  from  crusher  on  road,  Station  146  to  Station  0+00 

(12'  wide  use  10  yd.  per  mile)  2 .  76  miles,  average  i  .38  miles. 

Station  146  to  170  i.38mLlesX  27.6  yd.  =  38. 09 yd.  mile 

0.5  miles,  average  0.25  miles  0.25     •*    X  5        "  =    1.25 

Station  220  to  170 
i.o  miles,  average 0.5  miles    0.5      "    X  10      "    =  5.0 

Station  220  to  245 
0.5  nules,  average  .25  miles   0.25     "X    5       "    =1.25 

Station  285  to  245 
0.8  miles,  average  0.4  miles       .4     "   X    8       "=32 

Station  285  to  330 
o . 86  mUes,  average o . 43  miles o. 43     "    X  8 . 6    "     =3-7 


(( 


(( 


C( 


(( 


it 


Total  for  ist  section  64.2  yd.      52.49  yd.  mi. 

52.49  -r  64.2  =  0.82  mile,  average  haul  for  ist  section. 

Hatdfrom  gravel  pit  to  road.    Station  330  to  460. 
Bank  station  385  at  side  of  road — no  dead  haul  great  enough  to  be 

figured. 

Station  385  to  330. 
I .  I  miles,  average  haul 0.55  miles  o .  55  miles  X  1 1  yd.  =  6 . 05  yd.  mi. 

Station  385  to  460 
1 . 4  miles  average  haul  o.  7    miles  0.7      "     X14   "    =9.8    "     " 

Total     25  yd.  15.85  yd.    mL 
15  85  -^  25  =  0.63  miles         Say  0.65  average  haul 

Hatdfrom  quarry  in  Village  of  Cuba  %  mile  from  end  of  road. 
Station  460  to  524  +  14 

Station  460  "  500  14'  wide  (use  11 . 7  yd.  per  mile) 

Station  500  "  524  -f-  14  16'  wide  (use  13.3  yd.  per  mile) 
Station  460  to  500 

o .  8  miles,  average  o .  4    mi. 

Station  524  +  14  to  500  dead  haul    0.5 
Quarry  to  524  -f-  14  "        "       0.75 


1.65    " 
1.65  miles  X  9. 36  yd.  =  15.44  yd.  mi. 
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Station  500  to  524  -f-  14 
o . 5  miles,  average  haul    o. 25  mile 
Quarry  to  524+ 14  dead  haul  .  75  mi.  i  mile  X  6.67  yd.  =  6.67  yd.mi. 

,  1. 00  mi.        Total  16.03    22.11  "    " 

22.11  -j-  16 .  03  =  1.38  Say  1 . 4  miles  average  haul 

Hafd  on  Sand  Pits  ai  Stations  26  and  3S5 

Station  26  to  0+00 
o .  5  miles,  average   o.  25  mi.  o.  25  milesX  S       yd.  —     1.25  yd.  mi. 

Station  26  to  330 
5 .  76  miles,  average  2 . 88  mi.  2 . 88     "    XS7.6   "    =165.89  " 

Station  385  to  330 
1 .04  miles,  average  0.52  mi.  0.52     "    X10.4   "    =     5.4 

Station  385  to  460 
1 . 4  miles,  average    0.7  mi.    0.7       "    X14.0  "    =     9.8 

Station  460  to  500 
o .  8  miles,  average      o .  4  mi. 
385  to  460  dead  haul  i  .4  mi. 


(( 


«     ti 


It     tt 


Total  1.8  "  1.8       "    X9.36"    =16.8    " 

Station  500  to  524  +  14 
0.5  miles,  average      0.25  mi. 
460  to  500  dead  haul  0.8    mi. 
385  to  460     "       "     1.4    mi- 


ce 


Total  2.4s  mi.  2.45  "    X  6.65  yd.  =16.3 


((     « 


103.01  215.44 

215.44  -7-  103.01  =  2.1  miles  average  haul. 

Haul  on  Cement 

Cement  delivered  at  Cuba  and  Portville. 

Station  0+00  to  160  Say  10  bbl.  to  mile 

3  miles,  average  i .  s    mi.  7 . 5  miles X 30  bbl.  =  225  bbl.  mi. 

dead  haul,  Portville         6 .  o   mi. 

to  oH-oo  7 . 5    mi. 

Station  160  to  460 

5.68  miles,  average  2 .  84  mi. 

460  to  524+14  dead  1.3    mi. 

Penn.  R.R.  to  524+14  0.2   mi. 


4.34  nu. 

4 .  34  mi.  X  56 . 8  bbl.  =  246 . 5  bbl.  mi. 
Station  460  to  500 
a8  miles,  average  0.4    mi. 

500  to  524  +  14  dead      0.5    mi. 
Penn.  R.R.  to  524+14    0.2    mi. 

I .  I    mi. 

I .  I  mi.  X9 .  36  bbl.  =  10 . 3  bbl.  mi. 
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Station  500  to  5  24 -|- 14 

0.5  average  o.tt%mi, 

Penn.  R.R.  to  524+14    0.2    mi.  .45  1ni.X6.65  bbl.  =  3.0  bbl.  mi. 

o .  45  102 .  81         484 . 8  bbl.  mi. 

484.8  -r  102.81  =  4.7  nules,  average  haul. 

Having-the  haul  figured  for  stone,  gravel,  cement,  and  sand,  it 
was  decided  to  obtain  a  composite  price  for  the  aggregate  of  the 
concrete  instead  of  presenting  an  estimate  with  three  prices  for 
concrete  foundation.     This  was  done  as  follows: 

Field  Stone. 

Stone $0. 10  yd.  royalty 

Blastmg 0.35  " 

Loading 0.15" 

Haul  to  crusher  1.5  @  40c.     o. 60  '^        40c.  yd.  mile  used  as  haul 

^Crushing 0.30  "  was  oflF  steep  hills  and 

Haul  to  road  o .  8  mi.  @  35c. .  o.  28  "         hard  grades 

$1 .  78  yd. 

Gravel, 

Gravel  (royalty) $0 .  50 

Stripping    o  .05 

Loading  (by  hand) 015 

Haul  to  Station  385,  o.  i  mile  @  35c    o .03 

Haul  on  road,  0.65  miles  @  35c o .  23 

$0.96 

Stone  at  Cuba  Quarry, 

This  stone  bought  from  quarry  owner  at  flat  rate  of  75c.  in  bins: 

Stone    $0.75 

Haul  1.3  @35c 0.45s 

$1,205     Say  $1.21 

Sta.  o-foo  to  3305=6.25  miles®  10     yd.  =  62.5X$i.78  =  $iii  .25 

330      "   460  =  2.46     "      "  10      **    =24.6X  0.96=      23.62 

460      "   500=0.8       "      "  II. 7  "    =  9.36X1.21=      11.33 

500  to  524+14=0.5       "      "133"    =6.65X1.21=        8.05 

103.11  $154.25 

$154.25  -I-  103. II  =  $x . 49  composite  price 
Sand 

Sand  (screened) $1 .  00  yd.  royalty 

Loading o.  10  " 

Haul  to  road  o.  i  @  40c 0.04  ''     40c.  used  because  of  steep 

Haul  on  road  2 .  i  miles  @  35c  o .  735  hard  grade 

$1,875  Say  $1.88 

\This  item  is  higher  than  noted  in  the  previously  given  cost  data,  as  this 
estimate  is  made  according  to  the  N.  Y.  S.  method,  which  does  not  consider 
mterest  and  depreciation  as  a  separate  item. 
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Cetnent 

Delivered  at  Cuba  or  Portville $1 .  05  per  bbl. 

Haul  0.1 83  tons X4- 7  miles X 0.29  per  ton  mile     0.25    "     " 

$1.30 

Concrete, — ^Inasmuch  as  gravel  must  be  screened  and  sharp  sand 
supplied,  the  proportions  for  stone  concrete,  ratio  i — 2j^ — 5, 
were  used  in  place  of  standard  gravel  proportions.  This  is  Fuller's 
rule  for  proportions  of  cement,  stone,  etc.,  for  one  cubic  yard  of 
concrete.  A  table  of  these  ratios  for  different  mixtures  is  found 
on  page  623. 

Stone $1 . 49  X  0.92   «  $1 . 3708 

Sand   .r     1.88  X  0.46  =     0.8648 

Cement i .  30  X  i .  21   =     i .  573 

$3.8086 

Mixing $0 .  40 

Spreading o.  20 

Profit  20% 0.8817 

$5  2903 
Say  $5 .  30  per  cu.  yd. 

Note. — This  method  of.  estimating  does  not  consider  deprecia- 
tion directly.  See  other  method  of  estimating  in  the  standard 
estimate  forms. 

The  method  of  estimating  the  top  course  for  a  Concrete  Bitumi- 
nous Top  road  does  not  varyprom  an  ordinary  bituminous  top  course, 
except  that  under  the  present  New  York  State  specifications  the 
course  is  figured  for  loose  measure.  Therefore  the  items  for  con- 
solidation and  filler  would  be  omitted. 

Brick  Cost  Data  on  Coimtiy  Roads. — ^The  cost  of  brick  pavements 
on  country  roads  differs  somewhat  from  similar  work  on  city  streets. 
There  is  not  much  data  available  for  this  class  of  work,  but  through 
the  courtesy  of  Mr.  Wm.  C.  Perkins,  First  Assistant  Engineer, 
New  York  State  Department  of  Highways,  the  author  is  able  to 
give  some  unusually  reliable  data  obtained  from  fifteen  miles  of 
brick  paving  averaging  14  ft.  wide,  built  near  Buffalo,  N.  Y.,  in 
1 910.  Mr.  Perkins*  method  of  estimating,  as  given  on  page  651, 
assumes  that  20%  profit  on  both  materials  and  labor  will  take 
care  of  the  plant  and  payroll  charges  and  give  a  reasonable  profit. 
The  method  of  estimating  is  different  from  that  given  on  macadam 
roads.    His  results  are  good. 

Excavation. — ^Where  brick  pavement  is  built  on  an  ordinary  un- 
improved country  road,  the  excavation  is  of  the  same  class  and  will 
cost  the  same  as  given  for  macadam  roads. 

Where  pavements  are  built  over  macadam  roads  and  the  old  sur- 
face must  be  cut  into  two  or  three  inches  and  reshaped,  the  excava- 
tion is  much  more  expensive.  For  this  class  of  work  see  page  658 
(scarifying  and  reshaping). 
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Labor  Manipulation  for  Different  Items  of  Brick  Pavement  Laid 
Diuing  19x0,  in  the  Buffalo  Residency. — These  items  figured  from 
force  accounts  kept  by  the  different  engineers  in  charge  of  roads. 

Labor  averaged  $0,175  per  hour. 

Concrete  Base,  5"  thick  (exclusive  of  edging). 

Machine-mixing,  la3dng  same  in  place,  including  labor  of  tamp- 
ing, etc. 

Road  No.  2-R,  Buffalo-Hamburg. . .  $0.0853  per  sq.  yd. 

Road  No.  128,  Buffalo- Aurora 0.0991    "    "     "         (gravel 

concrete) 

Road  No.  863,  BlasdeU  Village o.  1228    "    "     " 

Road  No.    87,  Main  Street,  Sec.  2.     0.1129    "    "     "     (3"  base) 
Road  No.  862,  Hamburg  Village...     0.0655    "     "     "      (28' and 

30'  wide) 

The  excessive  cost  on  Blasdell  Village  due  to  a  poor  concrete 
mixer  (gasoline)  which  was  constantly  breaking  down. 

On  Main  Street,  Sec.  2,  poor  organization  and  too  high  priced 
men;  also,  lack  of  water,  causing  delays. 

On  Hamburg  Village  low  price  due  to  width  of  base  28'  and  30', 
allowing  work  to  progress  faster. 

On  Road  No.  69,  Main  Street,  Sec.  i,  edging  and  base  were 
laid  in  one  operation;  gasoline  mixer;  plenty  of  water;  cement, 
$1.12;  sand  $1 .40;  labor,  $1 .90  per  day;  stone,  $1.12  per  cu.  yd.; 
base  3"  tluck;  8"  edgings;  cost  m  place,  including  edging  $4,696 
per  cu.  yd.,  or  $0,506  per  sq.  yd.,  or  $0,886  per  lin.  ft.  of  road. 

Assumption, — If  we  assume  $0.00  per  sq.  yd.  as  an  average  cost 
for  16'  road  (exclusive  of  edging;  the  manipulation  would  be 
$0,648  per  cu.  yd. 

If  we  assume  $0.0655  per  sq.  yd.  for  street  work  (Hamburg 
Village)  the  manipulation  would  be  $0,472  per  cu.  yd. 

Concrete  Edging.    8"  thick. 

Hand-mixed;  placing  same,  including  erecting  of  forms,  and 
removing  same;  tamping,  placing  steel,  and  all  labor  necessary. 

Road  No.  2-R,  Buffalo-Hamburg,  $0 .  0730  per  lin.  ft.  of  edging 

o .  082 1  ^'    sq.  yd.  of  pavement 
(Road  16'  wide) 
Road  No.  128,  Buffalo- Aurora  . .     0.0555    "   lin.  ft.  of  5"  edging 

0.0713    "   sq.  yd.  pavement 
(Road  14'  wide)* 
Road  No.  863,  Blasdell  Village  . . .  0.0826    **  lin.  ft.  edging 

0.0929   "   sq.  yd.  pavement 
(Road  16'  wide) 
Road  No.  87,  Main  Street,  Sec.  2 .  0.0748   "   lin.  ft.  edging 

0.0842    "   sq.  yd. pavement 
(Road  16'  wide) 

On  Road  No.  862,  Hamburg  Village,  concrete  curb  6"  top, 
10"  bottom,  15"  deep;  hand-mixed,  exposed  curbing,  all  labor, 
including  erection  and  removal  of  forms,  $0 . 1 294  per  lin.  ft. 
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Assumption. — If  we  assume  $0,082  per  sq.  yd.  of  paving  as 
cost  of  edging  and  $0.09  per  sq.  yd.  cost  of  base,  the  total  cost 
per  sq.  yd.,  16'  road  (including  edging)  would  be  $0,172  per  sq. 
yd.,  or  Qie  manipulation  would  be  $1,238  per  cu.  yd. 

n  we  assume  $0,073  per  lin.  ft.  of  8"  edging  10  J^"  deep,  the 
manipulation  would  be  $3,379  per  cu.  yd.  of  the  edging  in  place. 
(This  high  cost  due  to  forms,  etc.,  and  the  small  amount  ot  con- 
crete per  Un.  ft.) 

Sand  Cushion, — Spreading  sand,  rolling,  and  making  bed  ready 
for  work. 

Road  No.  2-R,  Buffalo-Hamburg,  $0.0102  per  sq.  yd. 
Road  No.  128,  Buffalo- Aurora,        0.0082    " 
Road  No.  863,  Blasdell  Village,        0.0187 
Road  No.    87,  Main  St.,  Sec.  2,      0.0151 
Road  No.  862,  Hamburg  Village,     0.0160    "    "      "  (28'  and  30' 

wide) 

On  Main  Street,  Sec.  i.  Road  No.  69;  sand,  $1 .40;  labor,  $1 .90; 
cost  per  sq.  yd.  2"  thick,  $0.0838,  including  material. 

Assumption. — ^From  the  above  I  would  assume  $0,013  P^r  sq.  yd. 
as  cost  of  preparing  sand  cushion. 

Brick  Pavement. — ^Laying  brick,  including  all  labor  of  handling 
from  the  piles,  removing  all  culls,  and  the  rolling  of  the  brick. 

Road  No.  2-R,  Buffalo-Hamburg,  $0.0611  per  sq.  yd. 

Road  No.  128,  Buffalo- Aurora,        0.0544    "    "     " 

Road  No.  863,  Blasdell  ViUage,       0.0969    "    "     " 

Road  No.    87,  Main  St.,  Sec.  2,       0.0965    "    **     " 

Road  No.  862,  Hamburg  Village,     0.0700   "    "     "    (28' and  30' 

Road  No.    69,  Main  St.,  Sec.  i,    0.0983    "    "     "  wide) 

Assumption, — ^I  consider  Blasdell  and  Main  Street,  Sec.  i  and 
Sec.  2,  too  high  and  the  engineer  claims  that  the  force  was  cut 
up  and  wasted  time. 

I  would  assume  $0,070  per  sq.  yd.  as  cost  of  laying  brick,  etc. 

Grouting. — Necessary  grouting  to  [obtain  flush  joints,  scoop 
method,  including  the  placing  of  the  protecting  sand  covering. 

Road  No.  2-R,  Buffalo-Hamburg,  $0.0219  per  sq.  yd. 

Road  No.  128,  Buffalo- Aurora,        0.0211 

Road  No.  863,  Blasdell  Village,        0.0322 

Road  No.    87,  Main  St.,  Sec.  2,       0.0321 

Road  No.    69,  Main  St.,  Sec.  i,       0.0285 

Road  No.  862,  Hamburg  Village,     0.0273 


((  it 

(I  (( 

H  it 

it  n 

tl  It 


(28'  and  30' 
wide) 

On  Main  St.,  Sec.  i,  Road  No.  69;  sand,  $1.40;  cement,  $1.12; 
labor,  $1.90;  actual  cost  $0.0848  per  sq.  yd.,  including  materials. 

Assumption. — From  the  above  I  would  assume  $0,028  per  sq. 
yd.,  as  the  cost  of  applying  grout. 

Eicpansion  Joints. — Removing  strips,  cleaning  joints,  and  pour- 
ing tar. 
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Road  No.  2-R,  Buffalo-Hamburg,  $0.0067  per  lin.  ft.  of  joint 

0.0076    "   sq.  yd.  pavement 

(Road  16'  wide) 
Road  No.  128,  Buffalo- Aurora,        $0.0057  per  lin.  ft.  of  joint 

0.0073    "   sq.  yd.  pavement 
(Road  14'  wide) 
Road  No.  863,  Blasdell  Village,     $0.0115  P^i*  ^*  ft-  of  joint 

0.0129    "   sq.  vd.  pavement 
(Road  16'  wide) 

On  Main  Street,  Sec.  i,  Road  No.  69,  the  expansion  joints  cost 
$0.0296  per  lin.  ft.,  or  $0,033  per  sq.  yd.  (Road  16'  wide),  in- 
cluding material,  labor,  etc. 

Assumption. — From  the  above  I  would  assume  $0.0075  pcr 
sq.  yd.  as  the  cost  of  expansion  joints. 

Unloading. — Data  for  unloading  not  reliable. 

Road  No.  2-R  Buffalo-Hamburg,  $0,014  per  sq.  yd. 

Road  No.  863, Hamburg  Village,    Contract    taken  for  $1.50  per 

1000  brick;  unloaded,  haul 
}^  mile,  and  pile;  this  would 
be  $0.06  per  sq.  yd. 

Road  No.  69,  Main  St.,  Sec.  i . . .  $0,019  P^^  sq.  yd. 

Assumption. — I  would  assume  $0,028  per  sq.  yd.  as  on  and  off. 
Hauling. — No  reliable  data. 

If  we  allow  600  brick  per  load,  $5  per  day  for  teams,  10  loads  per 
day,  haul  i  mile  costs  $0 .  034  per  sq.  yd. 
Summary,  Labor  Cost  of  Brick  Pavement 

Manipulation  of  Concrete 
Pavement  16'  wide;  edging  8"  X  loH"- 

•Concrete  base $0. 09  per  sq.  yd. . . .   $0. 648  per  cu.  yd. 

edge 0.082"    "     "...     3.378    "  "      " 

Concretebaseandedging$o.i72  "    "     "...     1.238   "     "      " 

Brick  Work  Labor 

Preparing  sand  cushion $0.0130  per  sq.  yd. 

Laying  brick 0.0700 

Grouting 0.0280 

Expansion  joints 0.0075 

On  and  off o. 0280 

Haul  one  mile o. 0340 
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Cost  of  labor $0. 1805    " 

Useful  Data  for  Brick  Roads. — 

6"  X  10 J^"  edging  per  lin.  ft.  of  edging 0.016203  cu.  yd. 

8"  X  loK"      "        "     "     "    "       "     0.021605  "     " 

S"  X  16'  concrete  foundation  per  lin.  ft.  16'  road .    o .  24691      "     " 

2"  sand  cushion  loose  per  sq.  yd 0.0555       "     " 

I  barrel  of  cement  will  grout  36  sq.  yd.  of  pavement. 
I  barrel  of  paving  pitch  will  &  130  lin.  ft.  of  joints  i"  wide. 
*  Recent  cost  data  indicates  that  I0.35  per  cu.  yd.  is  ample. 
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Amount  of  Grout  Required  for  Stone  Block  Paving. — For  blocks 
similar  to  Medina  sandstone  blocks,  running  about  26  to  the  sq.  yd., 
Gillette  states  that  o .  6  cu.  ft.  of  joint  filler  are  required  per  sq.  yd. 
of  pavement  with  joints  averaging  J^"  wide.  Second  quality 
blocks  with  wider  joints  require  proportionally  more. 

STANDARD  ESTIMATE,  BRICK  SURFACmG,  EXCLUSIVE 

OF  FOUNDATION 
Materials. 

Per  Sq.  Yd. 

Cost  of  brick,  f.o.b.  unloading  point $ 

"     "  sand  for  sand  cushion,  on  job 

"     "     "      "  grout,  on  job 

"     "  cement  for  grout,  on  job ^ . 

"     "  paving  pitch  for  expansion  joints,  on  job 

Labor  and  Teaming. 

Unloading  brick  and  piling  along  road $0,035 

Hauling  brick  per  mile o .  040 

Preparing  sand  cushion o .  020 

Laymg  brick o  .070 

Grouting 0.028 

Expansion  joints 0.007 

Total $  — 

Add  20%  profit — 

Estimate $  — 

SAMPLE — Standard  Estimate,  Brick  Pavement — 

Wm.  C.  Perkins 

Brick:      $22.50  per  1000  f.o.b.  cars  at  Road  siding, 

bricks  lay  40  to  the  sq.  yd. 
Labor,    $0,175  per  hour,  10  hours. 
Sand,       1 .  00  per  cu.  yd .  on  cars  at  siding. 
Stone,      i.25percu.  yd.  on  cars  at  siding. 
Cement,  i .  30  per  bbl.  delivered  on  work. 

Sand: 

f.o.b.  cars $1 .00 

Unloading 0.15 

Haul  I  mile  @  $0.30 0.30 

Cost  cu.  yd.  sand. $1  •  45 

Stone: 

f.o.b.  cars $1 .  25 

Unloading 0.15 

Haul  I  mile  @  $0.30 0.30 

Cost  cu.  yd.  stone $1 .  70 
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Concrete:    i  -  2}^  -  5. 

Use  any  standard  mixing  tables,  stone  1"  and  under,  dust 
screened  out 

Cement,  1.19  bbl.  ...    X  $130  =  $1.55 

Sand,  o .  46  cu.  yd.  ...    X     1.45   =  0.67 

Stone,  0.91    "      "...   X     1.70  =  1.55 

^Manipulation =  o.  50 

$4.27 
20%  profit o. 85 

Total $5.12 

The  manipulation  is  based  on  machine-mixing  and  is  for  base 
alone  laid  5  thick.  The  concrete  edging  is  estimated  separately 
and  runs  from  $0.13  to  $0.15  per  lin.  ft. 

Material  per  Square  Yard 

Brick  f .o.b.  cars $0 .  900 

Sand  cushion  and  cover  . . .  .' 0.080 

Grout  (sand  and  cement) o. 042 

Material  expansion  joint 0.008 

$1 .030 

Labor  per  Square  Yard 

Unloading  and  piling $0 .  035 

Haul  I  mile   o .  040 

Laying  and  rolling    o .  070 

Making  sand  cushion *. . . .  0.020 

Grouting o .  028 

Expansion  joints o  .007 

Culling,  replacing,  etc o  .005       o .  205 

Si   23s 

20%  profit o.  247 

Total $1,482 

Therefore,  standard  16'  road  is  estimated  to  cost,  per  square 
yard  (exclusive  of  edging) : 

Concrete  base $0. 711 

Brick 1.482 

Total    $2 .  193  per  sq.  yd. 

Say,  $2 .  20    per  sq.  yd. 

*Recent  cost  data  indicates  that  I0.35  is  ample  with  labor  at  $0,175  P^ 

hour. 
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In  the  above  estimate  I  have  allowed  20? 
and  freight,  I  do  this  so  as  to  cover  all  in 
dentals,  contingencies,  etc.  I  consider  this 
ways  to  take  care  of  all  general  expienses. 


profit  on  material 
erest  charges,  inci- 
one   of   the   fairest 


lUINTEHANCE  AND  REPAIR  COSTS 

Cold  Oiling. — The  following  data  is  furnished  by  Mr.  Frank 
Bristow,  Supt.  of  Repairs,  Division  No.  5,  New  York  State  Depart- 
ment of  Highways.  Hie  work  was  done  in  igio.  Labor  averaged 
$0,20  per  hour;  teams,  $0,50  per  hour. 

•Oiling.  Actual  Cost  Data.— No.  6  stock  or  6s  %  aspbaltic  base 
oils  applied  cold  by  Studebaker  Oiler  upon  macadam  road  which 
had  been  swept  by  horse  sweeper,  oil  being  broomed  by  hand  where 
necessary  and  then  coveted  by  a  tliin  coat  of  dustless  screenings, 
or  gravd,  spread  by  hand. 

The  labor  costs  include  pumping  oil  from  the  cai  tank,  hauling 
same  to  road,  applying  same,  swe.eping  road  and  spreading  screen- 
ings; also,  demurrage  on  cars  and  moving  tools  and  repairs,  but 
not  cost  of  the  plant. 

Table  64 
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Erie 

Otherinformation  would  show  that  cost  per  mile  to  sweep  average 
road  is  $8.33;  cost  per  gallon  applying  oil  S0.0075;  cost  all  labor 
sweeping,  hauUng,  applying  oil  and  cover  about  $0.23  p«r  gah  used. 
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Table  64A 
Division  7  N.  Y.  S.  Dept.  Highways 

H.  G.  HOTCHKISS  SUPT.  MAINTENANCE 

Cost  Data  for  Oiling,  Surface  Treatment  191 5 


No. 

Kind 

Gals. 

No.  Tons 

Total  Cost 

Total  Av. 

Cost  per 

Miles 

Sq.  Yds. 

Bit.  Mat. 

per 

of  Cover 

per 

Cost  per 

Mile  16' 

Sq.  Yd. 

per  Mile 

Sq.  Yd. 

Sq.  Yd. 

Surface 

20.54 

158x44 

CO. 

0.2s 

62 

0.0344 

y 

23.63 

188208 

CO. 

0.25 

41 

0.0250 

17.7s 
19.94 

146734 
172775 

CO. 
CO. 

0.24 
0.X9I 

37 
43 

0.0237 
0.0x89 

0.026 

244.06 

21.47 

20099s 

CO. 

0.19 

59 

0.0264 

Z6.22 

19992s 

CO. 

0.28 

74 

0.0287 

22.51 
41.09 

188601 
382330 

L.  C  0. 
L.  C  0. 

0.20 
0.20 

31 
27 

0.0195 
0.0177 

0.0183 

171.78 

1544 
13.42 

126657 
126056 

H.  C  T. 
H.  C  T. 

0.25 
0.25 

40 
4^ 

0.0323 
0.0337 

0.0330 

309.77 

17.19 

143846 

L.C  T. 

0.35 

47 

0.0319 

0.03x9 

299-45 

Table  64  B 

Division  7  N.  Y.  S.  Dept.  Highways 

Cost  Data  Repainting  and  Rebuilding  Guard  Rail  19 14 


No.  Lin.  Ft. 
Painted  One  Coat 

Cost 
per  Lin.  Ft. 

No.  Lin.  Ft. 
Painted  Two  Coats 

Cost 
per  Lin.  Ft. 

15325 

79925 
17486 

42027 

$0.0212 
0.0233 
0.0251' 
0 . 0264 

26428 

8433 
12824 

13160 

$0.0425 
0.0360 
0.0352 
0.0442 

Rebuilding  Wooden 
Guard  Rail 

Rebtiilding  Concrete 
Guard  Rail 

No.  Lin.  Ft. 

Cost  per  Ft. 

No.  Lin.  Ft. 

Cost  per  Pt. 

160 

554 
360 

272 

0.219 
0.189 
0.200 
0. 141 

100 
335 

$0,896 

0.764 

1 
1 

J 
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COST  DATA  SURFACE  TREATMENT 

It  will  be  noted  in  the  following  table  that  the  tendency  of  surface 
oiling  practice  is  to  each  year  reduce  the  amount  of  oil  and  cover 
used.  This  is  in  line  with  the  data  set  forth  in  the  chapter  on 
Maintenance. 

Hot  Tar  Flush  Coats. — The  cost  of  applying  hot  tar  flush  coats  by 
hand  is  practically  the  same  as  given  for  applying  Bituminous 
Binder  penetration  method. 

The  writer  has  no  reliable  data  on  the  cost  of  machine  application. 

Calcium  Chloride. — ^The  cost  of  appl)dng  calcium  chloride  as 
a  temporary  dust  layer  on  ten  miles  of  road  in  Monroe  County, 
N;  Y.,  as  given  by  Mr.  Frank  Bristow,  First  Assistant  Engineer, 
New  York  State  Department  of  Highways,  is  as  follows: 

The  material  was  applied  by  an  ordinary  agricultural  drill.  The 
force  used  was,  i  horse  and  driver,  $0.30  per  hour;  1  helper, 
$0.20  per  hour.  No  preliminary  work  of  sweeping  was  done; 
the  material  was  spread  on  the  middle  12  feet  of  macadam,  using 
approximately  0.75  lb.  to  the  sq.  yd.,  the  average  speed  being 
0.5  miles,  or  3500  sq.  yd.,  per  day,  at  a  cost  of  $0.0015  per  sq.  yd. 

Cost  of  calcium  chloride  at  plant $13.00  net  ton 

Freight i .  60  per    " 

Unloading  from  cars,  approximately. . .       o.  15  "     " 

Hauling  three  miles,  **  0.90  "     « 

Total,  delivered  on  road $15 .  65       "     " 

Total  per  sq.  yd.  delivered  on  road. . . .       0.0059 
Labor  of  spreading o. 0015 

Total  per  sq.  yd.  in  place $0 .  0074 

Total  per  mile  12'  wide,  approximately $52 .00 


Cost  of  Applying  Calcium  Chloride 

Road  No.  5507  Scottsville — Canawagus.    Season  191 5.    W.  G. 
Harger,  Eng.  in  chaxige. 

15  tons  were  applied  at  the  rate  of  i}i  lb.  per  sq.  yd.  on  a  16' 
road  for  $22.00  or  at  the  rate  of  $1.50  per  ton. 

Force  used,  1  team  hauling  agricultural  plaster  spreader.  2 
laborers  helping  driver.  Calcium  Chloride  in  metal  drums  had 
been  previously  distributed  along  the  road. 

Wages: ^  Team,  $5.00  per  day;  Laborers,  $2.00  per  day. 

Recapping. — The  cost  of  recapping  with  any  style  of  macadam 
is  practically  the  same  as  original  construction  for  that  style  of 
work  except  the  item  of  scarifying  and  reshaping  the  old  road. 

Scarifying. — The  cost  of  scarifying,  as  given  by  Mr.  E.  A.  Bonney 
on  the  Erie  County  repair  work  for  the  season  of  1907,  is  as 
follows: 

(Continued  page  658.) 
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COST  DATA  ON  RESHAPING  ROAD 

Work  was  done  on  Main  Street  Road,  No.  69,  Erie  County,  N.  Y., 
between  July  15  and  Sept.  13,  1907. 

The  road  had  been  built  as  a  waterbound  macadam.  It  was 
worn  out,  particularly  in  the  center.  There  were  few  ruts,  but  the 
road  was  nearly  level;  in  some  stretches  the  center  was  lower  than 
the  sides.  It  was  proposed  to  reshape  the  road  and  to  lay  a  new 
top  course  treated  with  tarvia. 

The  work  of  reshaping  was  done  by  loosening  the  old  surface  with 
spiked  wheels  of  roller;  this  separated  the  crust  into  chunks  of 
various  sizes  which  were  broken  up  by  men  with  picks.  The 
stone  was  th£n  raked  from  the  sides  to  the  center,  brought  to  the 
required  crown,  and  rolled  ready  for  the  new  course  of  stone. 
'  The  cost  of  the  complete  operation  included  the  number  of  men 
picking  and  the  rollerman's  salary. 

Labor   $0. 175  per  hour 

Rollerman o. 300    "      " 

The  roller  was  rented  at  a  flat  rate  of  $5.00  per  day,  and  a  portion 
of  the  time  it  was  used  on  other  parts  of  the  work.  This  cost  plus 
the  coal  and  oil  is  not  included. 

The  data  was  compiled  daily,  and  as  the  work  was  performed  prac- 
tically every  working  day  between  the  dates  named  an  average  of 
the  square  yard  price  should  be  nearly  correct.  The  highest  cost  on 
any  one  day  was  $0.06  per  sq.  yd.,  the  lowest  cost  $0,016,  and  the 
general  average  $0.03  per  sq.  yd. 

^Through  the  courtesy  of  Mr.  Halbert  P.  Gillette,  author  of 
"Handbook  of  Cost  Data,"  we  are  able  to  publish  the  following: 

Cost  of  Resurfacing  old  Limestone  Macadam. — "In  Engineer- 
ing News,  June  6,  1901, 1  gave  the  following  data  to  show  that  the 
intermittent  method  of  repairing  macadam  is  the  most  economic. 
The  data  were  taken  from  my  timebooks  and  can  be  relied  upon  as 
being  well  within  the  probable  cost  of  similar  work  done  by  contract 
under  a  good  foreman.  It  will  be  noted  that  the  cost  of  operating 
the  roller  is  estimated  at  $10.00  per  day.  This  includes  interest 
and  depreciation  as  well  as  fuel  and  engineman*s  wages. 

"The  road  was  worn  unevenly,  but  as  it  still  had  sufficient  metal 
left,  very  little  new  metal  was  added. 

"The  roller  used  was  a  12-ton  Buffalo  Pitts,  provided  with  steel 
picks  on  the  rear  wheels.  It  required  eighty  hours  of  rolling  with 
the  picks  in  to  break  up  the  crust  of  a  surface  19,400  sq.  yd.  in  area, 
240  sq.  yd.  being  loosened  per  hour.  The  crust  was  exceedingly 
hard,  and,  at  times,  the  picks  rode  the  surface  without  sinking  in, 
so  that  a  lighter  roller  would  probably  have  been  far  less  efficient. 
In  fact,  a  ten-ton  roller  had  been  used  a  few  years  previous  for  the 
same  purpose  at  more  than  double  the  expense  per  square  yard, 
I  am  told.     The  picks  simply  open  up  cracks  in  the  crust  to  a 

\  Gillette's  Handbook  of  Cost  Data,  Myron  C.  Clark  Publishing  Company. 
edition  of  1907,  page  147.  Pages  288  and  289,  edition  of  1910,  in  slightly 
different  form. 
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depth  of  about  four  inches,  and  it  is  necessary  to  follow  the  roller 
with  a  gang  of  laborers  using  hand  picks  to  complete  the  loosening 
process.  The  labor  of  loosening  and  spreading  anew  the  metal 
was  1.880  man-hours,  or  a  trifle  more  than  10  sq.  yd.,  per  man-hour. 
About  60%  of  this  time  was  spent  in  picking  and  40%  m  respreading 
with  shovels  and  potato  hooks. 

"After  the  material  had  been  respread,  the  short  section  was 
drenched  with  a  sprinkling  cart,  water  being  put  on  in  such  abund- 
ance that  when  the  roller  came  upon  the  metal  the  screenings 
which  had  settled  at  the  bottom  in  the  spreading  process  were 
floated  up  into  the  interstices.  The  roller  and  sprinklmg  cart  were 
engaged  only  63  hours  in  this  process,  300  sq.  yd.  being  polled 
per  hour;  an  exceptionally  fast  rate.  The  rapidity  of  rolling  was 
due  to  four  factors;  i.  The  great  abundance  of  water  used,  the 
water  being  a  very  short  haul.  2.  The  unyielding  foundation  (tel- 
ford)  beneath.  3.  The  abundance  of  screenings  and  fine  dust,  the 
road  not  having  been  swept  for  some  time.  4.  The  great  weight 
of  the  roller,  which  was  run  at  a  high  rate  of  speed.  I  am  not  pre- 
pared to  say  that  longer  rolling  would  not  have  secured  a  harder 
surface,  but  I  doubt  very  much  whether  it  would.  The  metal, 
I  should  add,  was  hard  limestone.  Summing  up,  we  have  the 
cost  of  resurfacing  the  road  per  square  yard  to  have  been  as  follows:^ 

Cents  per  sq.  yd. . 

Picking  with  roller  at  $1  per  hour $0. 40 

Picking  by  hand  labor  at  $0. 20  per  hour i .  20 

Respreading  by  hand  labor  at  $0 .  20  per  hour    . .  o .  80 

Rolling  with  roller  at  $1  per  hour   o. 33 

Sprinkling  with  cart  at  $0 .  40  per  hour 0.13 

Foreman,  143  hours  at  $0.30  for  19,400  sq.  yd.  0.44 

Total 3 .  30 

"At  this  rate  a  macadam  road  sixteen  feet  wide  can  be  resurfaced 
for  a  little  more  than  $300  per  mile.  The  frequency  with  which 
such  resurfacing  is  necessary  will,  of  course,  depend  upon  several 
factors,  chief  of  which  are  the  amount  of  traffic  and  the  quality  of 
the  road  metal.  I  should  say  that  five  years  would  not  be  far  from 
the  average  for  a  country  road  built  of  hard  limestone.  Unless  the 
road  has  had  an  excess  of  metal  used  in  its  construction,  new  metal 
should  be  added  at  the  time  of  resurfacing  to  replace  that  worn  out. 

"I  am  unable  to  see  how  any  system  of  continuous  repair  with  its 
puttering  work  here  and  there  can  be  as  economical  as  work  done 
m  the  manner  above  described.  I  would  not  be  understood,  how- 
ever, as  favoring  an  entire  neglect  of  the  road  between  repair  periods. 
At  times  of  heavy  rains  and  snows,  ditches  and  culverts  need  atten- 
tion and  there  should  be  some  one  whose  duty  it  is  to  look  after  such 
matters.  What  I  do  question  is  the  economy  of  having  a  man  con- 
tinuously at  work  putting  in  patches  upon  the  road." 
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iNEW  YORK  STATE  PATROL  MAINTENANCE,  1910 

The  standard  Patrol  distance  is  five  miles. 

The  standard  Patrol  distance,  brick  roads,  is  twelve  miles. 

Patrolman's  wages  $78  per  month,  including  horse  and  cart. 
Patrol  is  operated  eight  and  one-half  months  in  a  year. 

The  cost  of  this  system  of  maintenance  per  mile  for  1910  was, 
approximately,  $250  exclusive  of  administration  charges. 

Patrolman's  wages $125 .00 

Materials 1 25 .  00 


$250.00 


These  costs  do  not  include  surface  treatments.  Such  a  treat- 
ment of  a  road  every  two  years  would  amount  to  about  $375  a  mile 
per  year  on  waterbound  roads. 

Automobile  Truck  Repair  System. — The  tendency  on  minor 
repair  maintenance  work  seems  to  be  toward  lengthening  the  patrol 
distance;  confining  the  duties  of  the  patrolman  to  cleaning  culverts 
and  ditches,  trimming  shoulders,  and  reporting  the  necessity  of 
'minor  repairs.  It  is  believed  that  these  repairs  can  be  handled  more 
economically  from  a  central  point  by  the  use  of  an  automobile  truck 
specially  equipped  for  such  work  and  which  can  operate  within  a 
radius  of  20  to  30  miles.  Special  trucks  have  been  devised  with 
facilities  for  heating  and  applying  bituminous  materials  as  well  as 
carrying  materials. 

Conclusion. — In  conclusion  the  author  desires  to  again  call  the 
attention  of  the  reader  to  the  fact  that  while  cost  data  is  valuable 
it  must  be  used  with  discretion  and  not  figured  too  closely. 

»  Data  obtained  from  Mr.  Prank  Bristow,  Supt.  of  Repairs,  N.  Y.  S.  Dept. 
of  Highways. 
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CHAPTER  XV 
NOTES  ON  CONSTRDCTIOH 

No  tnattei  how  well  a  road  b  designed,  unless  the  constructing 
engineer  uses  good  judgment,  and  the  inspection  is  conscientious 
and  intelligent,  the  results  will  not  be  satisfactory.  This  chapter 
emphasises  the  importance  of  the  different  stages  of  the  work  and 
gives  a  few  suggestions  as  to  the  manner  of  meeting  common 
difiicultieB. 

Staking  out  for  CoostructiDii. — Hie  construction  survey  picks 
up  the  center  line  shown  on  the  plans  and  by  means  of  offset 
stakes  driven  to  a  certain  elevation  marks  the  p)osition  and  ele- 
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vation  of  the  road  conveniently  for  building.  Any  arrangement 
of  stakes  that  shows  the  position  of  the  proposed  center  line  and 
tlie  elevation  of  the  proposed  grade  is  satisfactory.  These  stakes 
may  be  set  on  one  or  both  sides  of  the  road  at  intervals  of  50  or 
100  feet.  The  offsets  to  the  center  line  may  be  marked  to  the 
nearest  one-tenth  foot,  or  the  stakes  may  he  so  set  that  the  offset 
Is  an  even  foot,  and  they  may  be  driven  so  that  the  elevation  <rf  the 
proposed  grade  is  above  or  below  them  an  even  foot,  one-h^  foot, 
or  an  odd  tenth,  A  satisfactory  method  in  general  use  in  nestera 
66a 
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New  York  is  to  set  the  construction  stakes  on  both  sides  every 
50  feet,  with  an  even  foot  offset  and  driven  to  such  elevation  that 
they  are  either  an  even  foot  or  one-half  foot  above  or  below  grade. 

Such  stakes  can  be  readily  explained  to  the  ordinary  grading 
foreman  so  that  he  has  no  difficulty  in  working  from  them  widiout 
the  assistance  of  an  inspector.  The  50-foot  interval  is  convenient 
for  fine  grading,  as  the  lines  can  be  stretched  this  distance  widi 
no  apparent  sag,  while  if  a  100-foot  interval  is  used  the  sag  is  ob- 
jectionable. With  stakes  on  both  sides  of  the  road  the  elevation 
of  the  proposed  grade  can  be  readily  transferred  to  the  center  by 
stretching  a  line  between  them  and  measuring  down  or  up  the 
required  amount.  This  is  a  much  simpler  and  more  accurate 
method  than  transferring  by  straight-eoge  where  two  or  tiiree 
lengths  of  straight-edge  must  be  used  from  the  stake  to  the  center. 

The  left  stake  marked  C  4.0'  offset  28.0'  means  that  the  crown 
grade  of  the  finished  road  is  4.0  feet  below  the  top  of  this  stake  and 


(^dk  Stake   ,. 
Marked  C4.0'\ 
Offset  2e.O' 
\< 


^ntdeStakc 
Marked  C  1.0 
Offset  24,0' 


Fig.  138. — Showing  suggested  method  of  staking  out. 

that  the  proposed  center  line  of  macadam  is  28.0'  from  the  face  of 
the  stake. 

To  transfer  the  proposed  grade  to  the  center  by  the  string  method. 
Fasten  chalk  line  to  top  of  left  stake;  measure  up  3.0'  above  top  of 
right  stake  and  draw  line  taut  at  this  elevation.  The  string  is  level 
and  4.0'  above  crown  grade.  Pull  as  tight  as  possible,  allow  about 
J^"  for  sag  and  measure  dovm  3'  11 3^"  for  finished  grade. 

Cost  of  Staking  Out. — The  speed  and  cost  of  staking  at  50-foot 
intervals  will,  of  course,  vary  with  the  experience  of  the  men  and 
lie  character  of  the  road.  A  party  of  four  men  should  pick  up  * 
the  proposed  center  line  and  set  offset  stakes  on  both  sides  at 
a  speed  of  1.5  to  2  miles  a  day;  a  party  of  three  men  should  grade 
these  stakes  at  a  speed  of  i.o  to  2.0  miles  a  day,  and  the  cost  of 
staking  out  for  construction,  including  livery  and  board,  would 
be  from  $20  to  $30  per  mile. 

It  is  common  for  new  men  to  spend  an  unnecessary  amount  of 
time  in  setting  the  grade  stakes.  They  will  often  attempt  to  have 
the  elevation  of  the  grade  stakes  correct  to  within  o.oi  foot.  For 
all  practical  purposes,  for  work  of  this  character,  stakes  correct  to 
within  0.1  foot  in  elevation  and  o.i  foot  in  alignment  are  satisfac- 
tory. Curb  stakes  for  village  work,  however,  should  be  carefully 
set  to  within  0.02  foot  in  elevation  and  line. 
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Rough  Grading. — By  rough  grading  is  me&nt  sJl  of  the  work  pre- 
liminaiy  to  the  finished  shaping,  and  includes  moving  practically  all 
the  dirt  that  is  to  be  handled.  It  is  particularly  important  to 
supervise  this  stage  of  construction,  as  it  is  here  that  the  construct- 
ing engineer  regulates  the  placing  of  the  best  material  in  the  center 
(under  the  metalling)  and  the  poorer  materials  on  the  sides. 

In  order  to  grade  economically,  the  contractor  and  inspector 
should  each  be  furnished  with  lists  similar  to  those  given  below, 
lowing,  in  a  convenient  form,  the  amount  of  e][cavation  station 
by  station  and  within  what  bounds  it  is  to  be  jdaced. 

Cttts. — For  cuts  over  3  feet  deep  slope  stakes  are  placed  and  Care 
taken  that  the  slopes  are  properly  carried  down.     If  excavated 
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beyond  the  finished  lines  it  is  practically  impossible  to  make  a 
back-&ll  that  will  hold  and  the  resulting  irregularities  are  unsightly. 
Fills. — For  fills  slope  stakes  are  set  m  the  same  manner  as  for 
cuts.'  The  earth  should  be  deposited  in  thin  layers,  six  to  eight 
inches  deep,  extending  from  slope  to  slope,  and  each  layer  well 
compacted  either  with  a  roller  or  by  driving  over  it  with  wagons 
in  the  process  of  building  Where  the  old  surface  has  a  steep  slope 
it  must  be  plowed  to  give  a  good  bond  with  the  new  fill  and  prevent 
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It  is  bad  practice  to  build  the  center  of  the  fill  and  then  shovel 
loose  matenal  oflf  of  the  edge  to  widen  the  slopes,  as  this  loose 
side-fill  is  not  compacted  and  under  the  action  of  frost  will  nearly 
always  slough  away  from  the  harder  central  portion. 

To  get  tie  full  benefit  of  the  teaming  in  compacting  the  dirt, 
a  deep  fill  should  be  started  at  a  point  nearest  the  cut  from  which 
the  material  is  hauled  and  each  load  driven  over  the  loose  layer. 
In  this  way  nearly  every  fill  can  be  better  compacted  than  by 
the  use  of  a  roller  alone.  For  long  fills  where  there  is  considerable 
teaming  over  each  layer  a  roller  is  not  usually  needed. 
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Wet  clay  or  heavy  loam  should  never  6e  placed  in  the  bottom 
of  a  fill,  as  it  dries  slowly  when  not  in  contact  with  the  air  and  keeps 
the  fill  "spongy."  The  writer  has  seen  cases  where  fills  not  over 
3  feet  deep  have  remained  soft  for  two  months  where  wet  material 
had  been  used  and  it  was  finally  necessary  to  remove  it. 

Transferring  Grade  from  Stakes. — ^A  handy  level  for  transferring 
the  grade  from  stakes  to  the  center  of  the  road  is  shown  below. 
If  well  made  it  will  transfer  the  grade  elevation  50  feet  with  an  error 
of  less  than  3  inches,  which  is  close  enough  for  this  sta,ge  of  the 
construction: 

String 

^^ 

Pig.  140. 

Ditches. — The  ditches  must  always  be  dug  out  enough  to  protect 
the  center  grading  before  the  fine  grading  (stone  trench)  is  com- 
pleted, and  it  is  usuallv  cheaper  for  the  contractor,  as  well  as  better 
tor  the  road,  to  dig  tnem  out  before  the  fine  grading  begins. 

Regulation  of  Material  in  Fills. — ^In  fills,  particularly  shallow 
ones,  the  road  can  be  greatly  improved  by  a  judicious  selection 
of  available  materials.  Material  taken  from  two  nearby  cuts, 
or  at  different  depths  in  the  same  cut,  will  often  vary  in  character 
and  the  most  experienced  man  on  the  job  should  indicate  which 
materials  to  use  m  the  center  of  the  fill,  under  the  metalling,  and 
which  on  the  sides.  The  soils  in  the  order  of  value  for  fills  are 
gravel,  coarse  sand,  loam,  and  clay.  For  shallow  fills  on  a  good 
foundation  clay  should  not  be  used  under  the  stone,  as  mentioned 
on  page  151,  and  a  good  material  must  be  overhauled  or  borrowed. 
It  is  better  to  avoid  overhaul  if  possible,  as  it  is  an  item  liable  to  be 
disputed  as  to  the  amount.  Wnere  it  is  necessary,  a  good  practical 
method  of  determining  the  amount  of  the  small  quantities  of  earth 
usually  needed  is  to  keep  track  of  the  number  of  wagon  loads  over- 
hauled from  station  to  station. 
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Sod  may  be  used  in  the  sides  of  the  fill,  but  should  be  kept  at 
least  eleven  feet  off  center.  It  should  NEVER  be  used  as  a 
shoulder  close  to  the  stone  or  in  the  center  of  the  fill  under  the 
metalling. 

The  author  wishes  to  emphasize  the  importance  of  this  regu- 
lation of  material.  At  present  the  inspection  of  rough  gradmg 
is  often  confined  to  keepmg  the  sod  from  the  center  fill,  and  the 
center  fill  is  made  of  the  dirt  just  as  it  happens  along.  As  a  result, 
the  sub-grade  will  vary  greatly  in  character  and  if  a  uniform  depth 
of  stone  is  used  over  this  "spotty"  fill  the  results  are  often  not 
satisfactory,  while  if  the  depth  of  stone  is  varied  to  meet  the 
sub-grade  conditions  an  unnecessary  amount  of  stone  is  used.  In 
cases  where  there  is  no  choice  of  earth  materials  the  stone  depth 
must  be  made  thick  enough  to  meet  the  requirements  of  the  grade. 

FINE  GRADING  FOR  STONE  TRENCH 

The  fine  grading  includes  the  shaping  and  consolidation  of  the 
stone  trench. 


\ 


PiG.  141. — Showing  3  lines  of  grading  pins. 

The  construction  shoulder  must  be  at  least  ?.5'  wide  and  well 
consolidated  in  order  to  hold  the  stone  solidly  during  rolling.  This 
must  be  watched  continually  by  the  inspector  as  it  is  a  point  often 
slighted. 

Shaping  the  Grade. — A  simple  guide  for  shaping  the  grade  is 
shovm  in  the  accompan3ring  sketch  and  consists  of  three  strings 
(center  and  sides)  stretched  between  pins  driven  at  least  every  50 
feet  and  preferably  every  25  feet.  Tne  i»ns  should  not  be  placed 
at  intervals  of  more  than  50  feet  as  this  will  cause  objectionable 
sag  in  the  lines  and  the  grade  will  be  undulating.  The  grade  ele- 
vation is  transferred  and  the  lines  carefully  set  at  their  proper 
elevation  by  means  of  a  straight-edge,  level  and  rod,  or  by  stretch- 
ing a  line  between  grade  stidkes  on  opposite  sides  of  the  road  as 
previously  described.  The  string  level  recommended  for  rough 
grading  can  not  be  used,  as  k  is  not  sufficiently  accurate. 

The  general  level  of  the  finished  consolidated  grade  should  be 
correct  to  within  i  inch.  This  leeway  of  i  inch  from  the  figured 
grade  makes  it  possible  to  get  satisfactory  results  without  wast- 
ing time  on  finical  work  and  does  not  appreciably  affect  the  total 
amount  of  excavation,  as  the  errors  tend  to  balance,  lliere 
should,  however,  be  no  short,  small  irregularities  of  grade  notice- 
able to  the  eye.  Continuous  inspection  on  shaping  the  grade  is 
not  necessary. 
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Consolidaiiilg  the  Grade.— Most  soils  wlien  slightly  moist 
will  consolidate  readily  if  thoroughly  rolled.  Clay,  heavy  loams, 
or  excessively  fine  sandy  loams  (quicksand)  will  not  pack  when 
wet.  Continued  roUing  is  injurious  for  these  soils  in  this  condition, 
as  they  will  "work"  under  the  roller.  If  they  occur  only  in  small 
pockets  they  can  be  removed  and  replaced  with  good  material; 
if  in  stretches  of  any  length  the  grade  must  dry  out  before  placing 
the  stone.  Under  drains  are  constructed  at  this  time,  where  nec- 
essary, and  the  surface  ditches  are  cleaned  out  and  made  effective. 
Where  a  hard  shower  has  softened  the  surface  only  of  a 'previously 
consolidated  grade  of  this  kind  and  the  contractor  wishes  to  lay 
stone,  the  surface  can  be  hardened  by  spreading  a  thin  layer  of 
gravel  or  waste  No.  2  stone  and  rolling  it  into  the  earth.  This 
will  help  in  preventing  the  stone  teams  from  cutting  up  the  grade. 

Gravels  and  finely  pulverized  clay,  or  clay  loams  (deep  dust), 
will  not  consolidate  when  dry;  such  material  must  be  thoroughly 
sprinkled  to  get  a  compact  grade.  It  is  not,  however,  customary 
to  sprinkle  coarse  gravels,  even  if  slightly  loose,  as  no  objectionable 
residts  follows  from  placing  stone  on  such  a  grade;  deep  clay  or 
loam  dust  is  objectionable  and  must  be  sprinkled. 

Coarse  sand  makes  an  ideal  foundation  but  is  hard  to  keep 
in  shape  while  placing  the  first  layer  of  stone.  In  some  cases 
sprinkung  will  harden  it  sufficiently;  in  others  a  layer  of  fine  loam 
has  been  spread  over  the  sand  and  flushed  in  with  satisfactory 
results.  Sometimes  where  loam  is  not  available  a  cheap  cheese- 
cloth has  been  spread  over  the  top  of  shifting  sand  to  prevent  the 
stone  from  punching  in  too  much  under  the  roller.  Tlie  author 
has  never  encountered  any  coarse  sand  that  could  not  be  suc- 
cessfully treated  by  sprinkling  and  covering  with  i  inch  or  2 
inches  of  No.  2  stone;  the  blanket  of  No.  2  stone  prevents  the  sand 
from  squeezing  up  into  the  loose  bottom  stone  and  spreading  the 
fragments. 

TiVhile  coarse  sand  makes  a  good  foundation,  a  fine  sand  or 
sandy  loam  approaching  quicksand  is  very  treacherous;  it  is 
difficult  to  judge  the  degree  of  fineness  at  which  a  sand  becomes 
treacherous,  particularly  when  it  is  dry,  A  laboratory  method 
is  given  on  page  150,  but  a  good  practical  method  in  the  field  is  to 
saturate  the  material  thoroughly  with  water;  a  satisfactory  sand  be- 
comes more  compact  while  an  exceedingly  fine  sand  gets  "quaky.*' 

DETERMINATION  OF  STONE  DEPTHS  AND 
CONSTRUCTION  OF  SUB-BASE 

Practically  the  only  engineering  problem  that  the  constructing 
engineer  has  to  solve  is  that  of  foundations.  It  is  recognized 
by  most  designers  and  estimators  that  it  is  impossible  from  even 
a  careful  preliminary  examination  of  the  soil  to  specify  exactly 
the  amounts  and  depths  of  foundation  stone.  To  meet  this  an 
extra  quantity  of  sub-base  or  bottom  stone  is  allowed  the  construc- 
tor, to  be  used  as  he  sees  fit.  During  the  progress  of  the  rough 
and  fine  grading  the  exact  limits  of  the  different  kinds  of  sub-grade 


668  NOTES  ON  CONSTRUCTION 

soil  are  determined  and  the  stone  depths  varied  according-  to  his 
judgment.  (See  page  152.)  Men  that  really  understand  this 
part  of  the  work  are  hard  to  get,  as  it  is  only  from  extended  expe- 
rience and  intelligent  study  of  their  own  failures  and  successes  that 
a  sound  judgment  is  developed.  A  good  constructing  engineer 
is  much  more  difficult  to  find  at  present  than  a  good  technical 
designer. 

Where  sub-base  is  used  the  sub-grade  is  dug  out  to  the  required 
extra  depth  and  rolled  if  it  is  in  such  shape  that  it  will  not  "  work." 
Peat,  muck,  wet  fine  sand,  or  wet  clay  can  not  be  rolled  until  the 
sub-base  is  placed  and  filled.  Where  it  is  possible,  such  soils 
should  be  drained  and  allowed  to  dry  before  placing  the  base, 
but  is  often  not  feasible  to  dry  them  enough  to  allow  rolling, 
even  though  underdrainage  is  put  in,  which  partially  hardens 
them  and  successfully  protects  the  road  after  the  stone  has  been 
placed.  This  is  particularly  true  on  flats  where  it  is  hard  to  get 
an  outlet  for  a  drain  or  in  the  fine  sands  on  which  an  under  drain 
has  little  effect  on  account  of  the  capillary  action  of  the  material. 
Where  a  soft  sub-grade  of  this  kind  is  encountered,  a  stony  gravel 
makes  the  best  sub-base,  as  it  contains  no  voids  between  the  larger 
fragments  and  when  rolled  the  soft  underlying  material  can  not 
squeeze  up  through  the  course.  In  case  boulder  or  quarry  stone 
base  is  used  on  a  soft  grade,  it  is  necessary  to  lay  them  in  close 
contact  by  hand  and  then,  fill  the  voids  completely  with  gravel 
or  No.  2  stone  before  rolling;  otherwise  the  sub-grade  material 
would  squeeze  up  between  the  stones,  separating  them  and  par- 
tially destroying  the  efficiency  of  the  base. 

In  the  Spring  and  Fall  of  the  year  it  is  common  to  find  good 
material  so  saturated  from  long-continued  rains  that  it  acts  badly 
under  the  roHer  and  instead  of  waiting  for  the  grade  to  dry  out, 
when  the  normal  thickness  of  stone  would  be  sufficient,  sub-base 
is  often  put  in  either  to  help  the  contractor  so  that  he  will  not  be 
delayed  or  because  the  engineer  is  misled  as  to  the  character  of 
the  material.  This  results  in  a  waste  of  money.  On  the  other 
hand,  clay,  when  thoroughly  dry,  is  hard  and  firm,  which  often 
influences  a  new  man  to  omit  sub-base  where  it  wiU  surely  be 
needed. 

The  use  of  sub-base  should  not  depend  too  much  on  the  action 
of  the  grade  under  the  roller  unless  Uie  degree  of  saturation  of  the 
material  is  considered,  although  it  serves  as  a  guide  in  locating 
doubtful  spots.  The  final  determination  should  depend  on  test 
pits,   which  develop  the  character  of  the  underlying  material. 

The  sub-base  is  constructed,  as  explained,  in  the  chapter  on 
Foundations,  either  of  gravel,  boulder  or  quarry  stone.  The  depth 
is  gauged  by  lines.  The  ratio  of  loose  to  rolled  depth  is  given 
on  page  591. 

Continuous  inspection  is  not  needed  on  sub-base;  the  depth  of 
grading  is  checked  before  the  stone  is  placed  and  the  width,  depth, 
and  workmanship  can  be  readily  determined  after  the  base  is 
completed,  and  by  an  occasional  inspection  during  the  progress 
of  the  work. 
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Bottom  Stone. — The  earth  sub-gtade  must  be  firm  and  compact 
before  the  stone  is  ^read.  Bottom  stone  must  NEVER  be 
laid  on  a  soft  grade.  One  of  the  most  common  slips  of  inspection 
is  to  allow  this  to  be  done  and  the  result  is  a  "punky"  bottom 
course  that  is  never  up  to  standard.  The  distriouting  power  of 
this  course  depends  largely  o;i  the  stone  fragments  being  firmly 
interlocked;  if  the  stone  is  placed  on  a  soft  grade  and  rolled,  the 
earth  will  squeeze  up  between  the  fragments  and  separate  them. 

The  depth  of  the  loose  stone  is  gauged  by  the  lines  or  cubical 
wooden  blocks  placed  on  the  sub-grade.  Blocks  are  more  conven- 
ient than  lines  except  over  sub-base  of  stone  fills,  where  lines  must 
be  used  to  get  a  spread  true  to  shape  and  grade.  The  ratio  of 
loose  to  rolled  depths  is  given  on  page  591. 

The  loose  stone  is  rolled  until  the  stones  are  solidly  interlocked 
and  there  is  no  movement  under  the  roller.  A  thin  layer  of  sat- 
isfactory filler  (see  materials  page  240)  is  spread  over  the  top, 
rolled  and  broomed  in;  the  process  is  repeated  until  the  stone  is 
thoroughly  filled.  Continuous  inspection  on  bottom  course  is  not 
necessary.  The  widths  and  depths  can  be  readily  checked  by 
occasional  inspection.  The  two  points  to  be  carefully  watched 
during  construction  are:  i.  That  the  grade  is  firm;  2.  that  the 
loose  fragments  are  thoroughly  rolled  before  the  filler  is  applied. 

It  is  desirable  to  complete  the  bottom  course  well  in  advance 
of  the  top,  in  which  case  the  contractor  can  work  to  advantage 
after  rains,  and  the  course  will  be  better  compacted  by  subjecting 
it  to  some  traffic  action. 

Where  local  stone  is  crushed  on  the  job  and  the  stone  used 
ranges  in  size  from  i  in.  to  tailings,  care  must  be  used  in  spreading 
that  the  sizes  are  well  mixed,  as  pockets  of  fine  or  coarse  stone 
are  objectionable.  The  simplest  method  of  mixing  is  to  run  the 
No.  5  and  No.  4  and  tailings  into  one  bin  at  the  crusher;  if  they  are 
separated  they  can  be  well  mixed  by  loading  one  end  of  the  wagons, 
with  the  No,  3  and  the  other  end  with  No.  4  and  when  dumped  on 
the  grade  tihey  will  run  together.  When  difficulty  is  experienced 
with  t^ese  methods  in  obtaining  a  well-mixed  stone  spread  the 
loose  stone  can  be  harrowed.  Many  specifications  call  for  harrow- 
ing thoroughly  where  a  large  range  of  crushed  stone  size  are  allowed 
in  one  course.  If  possible,  tailings  should  be  used  as  sub-base. 
When  used  in  the  bottom  course  having  a  rolled  depth  of  4  or  5 
inches  they  should  be  placed  in  the  lower  part  of  the  course,  but 
for  a  3-inch  depth  they  should  be  placed  on  top  and  broken  with  a 
knapping  hammer  into  fragments  of  less  than  3  J^  inches. 

Tlie  ffiler  should  not  be  dumped  directly  on  the  stone  unless 
absolutely  necessary.  Drawing  the  loads  onto  the  unfilled  stone 
loosens  the  course,  and,  also,  at  each  pile  of  filler  there  is  apt  to 
be  left  an  excess  which  is  hard  to.  clean  off. 

Table  65  gives  the  approximate  amount  of  filler  required  per 
100  feet,  and  the  spacing  of  i  J^-yard  loads.  The  amount  varies 
for  the  different  materials  used. 

Grading  and  foundations  have  been  treated  at  some  length,  as 
they  are  the  most  difficult  parts  of  the  construction. 
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Table  65.     Giving  the  Approximate  Amount  of  Filler  Re- 
quired PER  100  Feet  of  Road  for  Crushed  Stone  Maca- 
dam Bottom  Courses  of  Different  Widths  and  Depths, 
Using  0.35  Cubic  Yards  of  Filler  per  Cubic  Yard  of 

Rolled  Bottom 


Width  oA 
M'cadan^ 

Rolled  Depth  or  Bottom  Course 

3» 

•      4» 

s» 

6» 

10' 

3.2  cu.  yds. 

4.3  CU.  yds. 

5.4  cu.  yds. 

6.6  cu.  yds. 

12' 

3.8  "      " 

5.1   "     " 

6.5   "      " 

7.6   "       " 

14' 

4.5  "      " 

6.0  "     " 

7-5   "      " 

9.0  "       " 

15' 

4.9  "      " 

6.4  "     " 

8.0  "      " 

9.9   "       " 

16' 

5.2  "      " 

6.9  "     " 

8.6  "      " 

10.4   "       " 

18' 

5.9   "      " 

7.9  "     " 

9.7  "      " 

11.8   "       " 

20' 

6.4  "      " 

8.6   "      " 

10.8  "      " 

12.8   "       " 

22' 

7.0   "      " 

9.4  "      " 

11.8   "      " 

14.2   "       " 

Table  65 A.    Giving  the  Approximate  Spacing  of  1.5  Cubic 
Yard  Loads  of  Filler  for  the  Widths  and  Depths 

SHOWN  in  Table  65 


Width  of 

Rolled  Depth  01 

'  Bottom  Couisr                         1 

Macadam 

3* 

4» 

• 

6» 

10' 

46  feet 

34  feet 

27  feet 

23  feet 

12' 

40    " 

30    " 

23    " 

20    " 

^< 

33    " 

25 

20    " 

17    " 

'5 
16' 

18' 

20' 

22' 

31     " 
29 
25     " 

23    "  • 
21    " 

23    " 
22    " 

19    " 

18    " 

16    " 

19    « 
17    " 
16    " 

12 " 

IS     " 

13     " 
12     " 

II     «* 

10    -* 

TOP  COURSES 

Waterbotmd  Top. — Waterbound  top  is  constructed  in  the  same 
way  as  the  bottom  course  except  that  stone  dust  is  used  for  a 
filler  and  the  course  is  puddled  as  has  been  described. 

If  the  stone  used  is  a  local  stone  crushed  on  the  job  the  output 
of  the  crusher  must  be  carefully  controlled,  especially  where 
selected  boulders  are  used,  as  it  is  very  important  that  the  size 
and  quality  of  such  stone  shall  be  unifonn. 

Imported  stone  can  be  inspected  on  the  cars.  Aside  from  this, 
comparatively  little  inspection  is  required  except  at  the  stage 
when  the  loose  stone  has  been  rolled  and  before  the  binder  is 
spread.  At  this  time  the  inspector  should  examine  the  rolled 
course  very  carefully  to  see  that  it  is  true  to  ^ape  and  has  no  short 
depressions  or  humps.    The  smooth  riding  quality  of  the  zoad 
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depends  on  this  inspection  and  too  much  care  cannot  be  taken. 
This  point  is  particularly  emphasized,  as  many  of  the  stone  roads 
in  New  York  State  have  been  criticized  as  rough  for  automobile 
traffic.  Any  depressions  are  filled  with  stone  of  the  same  size  as 
the  body  of  the  course  and  rolled,  after  which  the  course  is  again 
inspected  and  corrected  until  it  is  made  true.  The  binder  is  then 
spread,  broomed  in  dry,  and  puddled.  In  puddling  use  plenty  of 
water  and  roll  rapidly.  If  a  pipe  line  and  hose  are  used  a  pressure 
of  100  to  125  pounds  at  the  pump  should  be  maintained.  The 
road  can  be  conveniently  puddled  m  stretches  of  100  to  20a  feet. 
After  the  road  has  dried  out  and  been  opened  to  traffic,  if  raveling 
occurs  it  can  usually  be  remedied  by  light  sprinkling  and  rolling. 
Where  the  top  course  is  granite,  gneiss,  or  trap,  it  is  often  nec- 
essary to  use  a  certain  percentage  of  limestone  dust  with  the  normal 
screenings.  The  limestone  is  more  ejffective  when  spread  last, 
filling  the  top  voids  of  the  course. 

Bituminous  Top.  Penetration  Method. — The  same  procedure 
applies  to  the  quality,  size,  and  la3dng  of  the  stone  for  a  bituminous 
as  for  waterbound  top,  and  does  not  require  continuous  inspection. 
Just  before  pouring  the  bitumen  the  course  should  be  carefully 
examined  and  any  pockets  of  fine  stone,  dirt,  dirty  or  dusty  stone 
removed,  as  fime  stone  or  dirt  prevents  the  penetration  of  the  binder 
and  the  bitumen  will  not  adhere  properly  to  the  stone  unless 
it  is  clean  and  dry.  The  course  is  not  rolled  as  firmly  at  this  stage 
as  for  waterbound  tops  because  excessive  rolling  tightens  the  stone 
too  much  and  prevents  the  penetration  of  the  bitumen.  There 
should,  however,  be  no  creep  in  front  of  the  roller.  The  bitumen 
is  poured  into  the  voids  of  this  deatif  dry,  partially  compacted  course, 
usually  by  means  of  hand-sprinkling  pots  or  hods.  Pots  having 
vertical  slots  are  preferable  to  the  fan-spout  pots,  as  they  give 
better  penetration. 

When  hods  or  pots  are  used,  however,  the  bitumen  should  be 
poured  across  the  road  instead  of  in  a  longitudinal  direction  as  this 
prevents  overlap  and  minimizes  the  difficulty  of  preventing  humps 
or  waves. 

In  placing  the  bitumen  the  following  precautions  must  be 
observed:  It  must  be  hot  enough  to  run  freely;  for  each  grade 
the  temperature  of  applications  is  usually  specified  and  it  must 
not  be  overheated,  for  if  charred  it  is  useless.  In  applying,  by 
whatever  method,  care  must  be  taken  not  to  overlap,  as  waves 
or  humps  will  develop  at  these  points.  These  defects  do  not 
appear  for  some  time  after  the  road  is  opened  to  travel,  and  an 
inexperienced  inspector  fails  to  realize  die  necessity  of  care  in 
this  particular.  The  stone  must  be  clean  and  drv,  and,  in  the 
writer's  opinion,  the  air  temperature  should  not  be  less  than  50®  F., 
as  bitumen  applied  in  cold  weather  is  so  chilled  when  it  strikes  the 
cold  stone  that  an  excessive  amount  is  retained  on  the  surface. 
As  soon  as  the  bitumen  is  applied  a  thin  layer  of  No.  2  stone  is 
spread  over  the  surface  and  rolled  lightly;  continued  rolling  at  this 
point  is  injurious,  as  freshly  laid  bituminous  tops  tend  to  shove 
under  the  roller  and  form  waves.    The  road  can  be  thoroughly 


672 


NOTES  ON  CONSTRUCTION 


rolled  and  shaped  to  advantage  only  after  the  bitumen  has  had 
some  time  to  harden.  Good  results  have  been  obtained  by  rolling 
thoroughly  the  succeeding  day  after  the  binder  is  applied,  unless  m 
the  meantime  rain  has  saturated  the  course,  in  which  case  it  must 
be  allowed  to  dry  before  rolling. 

The  amount  of  bitumen  spread  per  square  yard  is  usually  con- 
trolled by  spreading  a  given  number  of  pots  or  hods  in  a  given 
length  of  the  road.  These  units  of  length  can  readily  be  marked 
oflf  by  the  inspector  with  a  stick  or  tape.  This  method  will  be 
satisfactory  if  checked  up  twice  a  day  by  the  number  of  barrels 
used.  When  the  binder  is  heated  in  small  kettles  it  will  some- 
times catch  fire,  but  this  is  usually  due  to  scale  which  has  collect^ 
in  the  tank  and  if  cleaned  out  it  generally  rem^es  the  trouble. 

Where  bituminous  materials  are  heated  by  steam  it  is  often  con- 
venient to  know  the  temperature  of  steam  at  different  pressures; 
the  following  table  is  inserted  for  this  purpose: 

Table  66 


Pressure 
Gauge  Lbs. 
per  Sq.  In. 

Temperature 
of  Steam 

Pressure 

Lbs.  per 

Sq.  in. 

Temperature 
"F  of  steam 

Pressure 

Lbs.  per 

Sq.  In. 

Temperatun 
'^F  of  steam 

^15 
20 

40 

60 

80 

100 

213 
228 
267 

293 
312 

328 

100 
120 
140 
160 
180 
200 

328 

341 

353 

363 

373 
382 

200 
220 
240 
260 
280 
300 

382 
390 
397 
404 
411 

417 

1  Fifteen  pounds  normal  air  pressure;  to  get  ordinary  steam  gauge  reading  sub- 
let 15  lbs.  from  the  values  given  in  this  table. 
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HASSAM  CONCRETE  PAVEMENT 

By  £.  £.  Kidder 

The  principal  mechanical  difficulty  in  laying  a  Hassam  pavement 
is  in  getting  a  proper  penetration  of  the  grout. 

This  requires  stone  free  from  small  particles  and  a  grout  of  the 
proper  consistency. 

Stone. — The  stone  should  be  sized  i  J^"  to  3  J^"  uniformly  mixed. 
Any  pockets  of  fine  stone  should  be  hoveled  out  or  if  they  occur 
in  small  areas  raked  over  till  the  fine  goes  to  the  bottom  of  the 
course. 

The  spreading  is  followed  by  rolling  with  a  lo-ton  road  roller. 
Close  attention  should  be  given  to  obtaining  as  nearly  a  perfect 
surface  as  possible  as  it  is  practically  impossible  to  add  or  deduct 
material  once  the  stone  is  grouted. 

Grout — The  grout  should  penetrate  to  the  bottom  but  should 
not  be  so  thin  that  separation  occurs.    The  size  of  sand  is  important. 
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Coarse  sand  will  not  penetrate  well.  Sand  passing  a  10  mesh  to 
the  inch  screen  and  containing  much  that  is  finer  works  well. 

Manipulation. — Each  morning  the  end  of  the  previous  day's 
work  should  be  cut  down  vertically  and  square  across  the  road, 
shoveled  out  and  replaced  with  new  stone.  This  insures  a  vertical 
joint.  CofUinuous  Inspection  is  Necessary  on  both  Stone  and  Grout. 
The  grout  will  float  a  few  of  the  top  stone  out  of  place  but  the  5-ton 
tandem  roller  will  smooth  them  down.  The  final  finish  is  obtained 
by  hand  tamping  and  brooming  the  surface.  The  tamping  is  abso- 
lutely necessary  to  get  the  best  results  and  it  will  be  neglected  unless 
insisted  upon. 

Shoulders. — ^It  is  desirable  that  the  earth  shoulders  be  left  i" 
higher  than  the  finished  pavement  until  the  grouting  is  completed 
to  prevent  waste.  During  the  rolling  of  the  grout  some  water  will 
flush  to  the  surface  and  run  to  the  edge;  it  should  be  let  off  by 
digging  small  trenches  through  the  shoulder.  The  grading  of  the 
shoulders  should  be  practically  complete  before  laying  stone  in  order 
that  the  Sand  and  Cement  may  be  placed  on  one  side  of  the  road 
and  the  other  shoulder  may  be  used  as  a  walk  for  the  workmen  and 
traffic.  The  gang  organization  is  shown  by  a  sketch  (page  607, 
Cost  Data). 

FIRST  CLASS  CONCRETE  PAVEMENTS 

By-F.  W.  Bkistow 

The  sub-grade  should  be  formed  true  to  alignment,  elevation  and 
shape  and  consolidated  well  in  advance  of  the  mixing  machine  to 
permit  the  delivery  of  materials  both  on  the  sub-grade  and  shoulders. 

The  materials,  stone  or  screened  gravel,  sand  and  cement  should 
be  distributed  uniformly  in  the  proper  quantities  to  construct  the 
pavement  as  planned.  (For  quality  of  materials  see  specifications. 
For  amoimts  required  see  Cost  Data.)  The  cement  should  be  de- 
livered on  the  road  only  as  required  and  covers  provided  for  its 
protection  in  case  of  storm. 

Inspection  of  Manipulation. — A  diagram  showing  a  typical 
mixing  gang  organization  is  given  in  the  chapter  on  Cost  Data. 
Two  inspectors  are  necessary  to  properly  supervise  the  work.  The 
inspection  must  be  continuous.  The  inspector  ahead  of  the  mixer 
sees  that  the  sub-grade  is  correct;  that  the  edging  forms  are  properly 
set;  that  the  fiine  and  coarse  aggregate  conforms  to  the  requirements, 
and  that  the  proper  amount  of  materials  are  placed  in  each  batch 
of  concrete. 

He  also  should  keep  a  daily  record  of  the  amoimt  of  cement  used, 
the  amount  of  concrete  laid  and  should  figure  the  amount  of  cement 
per.  cu.  yd.  of  concrete  as  a  check  on  his  batch  inspection.  He 
should  be  careful  to  observe  that  no  empty  cement  sacks  from  the 
previous  da}^  run  are  counted  the  second  time. 

The  inspector  back  of  the  mixer  first  sees  that  the  sub-grade  is 
smoothed  as  the  mixing  machine  moves  ahead;  that  any  muddy 
condition  is  remedied  by  removal  and  that  a  dry  dusty  sub-grade  is 
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sprinkled  to  prevent  rapid  absorption  of  water  from  the  concrete; 
that  the  concrete  as  delivered  from  the  mixer  has  the  proper  consist- 
ency and  is  thoroughly  mixed;  that  the  transverse  expansion  joints 
are  properly  placed;  that  the  striking  of  the  concrete  with  the 
screed^  or  template  is  so  done  as  to  leave  no  projecting  stone,  or 
humps  or  hollows  in  the  surface.  Any  surface  irregularities  must 
be  immediately  remedied  and  the  mass  restruck.  The  screeding 
is  kept  up  closely  to  the  mixer  and  is  followed  by  the  wood  float 
finishers  working  from  a  bridge  that  spans  the  concrete. 

In  case  surface  brooming  is  required  the  inspector  determines 
when  it  shall  be  done;  the  best  time  is  just  after  the  initial  set 
starts.  Long-handled  steel  brooms  are  used  and  the  brooming  is 
done  lightly  transversely  to  the  road. 

In  hot  weather  the  fresh  concrete  should  be  sprinkled  to  prevent 
sun  checking.  It  is  covered  within  24  hours  with  a  coat  of  earth 
1"  to  2"  thick  which  is  sprinkled  and  kept  damp  for  10  days  when  it 
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is  removed.  Traffic  must  be  barricaded  from  the  road  for  this 
time. 

Before  turning  traffic  on  to  the  completed  concrete  the  earth 
shoulders  should  be  finished  along  the  edge  to  prevent  spauling. 

Amount  of  Water. — Excess  water  must  be  guarded  against  as 
it  weakens  the  concrete.  A  good  practical  rule  is  the  use  of  about 
5^  to  6  gal.  of  water  per  sack  of  cement,  see  Chapter  on  Materials 
on  the  Use  of  Water  in  Concrete,  page  262. 

SUGGESTED  SPECIFICATIONS  FOR  ROLLER  FINISSP 

The  following  is  a  suggested  form  of  specifications  for  roller 
and  belt  finish:  ''as  soon  as  possible  after  the  concrete  has  been 
struck  off,  it  shall  be  rolled  with  an  approved  metal  roller,  having 
a  smooth,  even  surface,  approximately  six  (6)  feet  in  length,  not 
less  than  eight  (8)  inches,  nor  more  than  twelve  (12)  inches  in 
diameter,  and  weighing  not  more  than  one  hundred  (100)  pounds. 
On  pavements  less  than  twenty  (20)  feet  in  width,  the  roller  may 
be  operated  with  a  handle,  which  shall  be  at  least  two  (2)  feet 
longer  than  the  width  of  the  pavement,  and  all  rolling  shall  be  done 
from  one  side  of  the  slab.     On  pavements  twenty  (20)  feet  and 

^  The  screed  should  be  two  feet  wider  than  the  finished  pavement  as  it 
pron-esses  with  a  see  saw  movement  rather  than  a^  direct  full. 
'Quoted  from  the  "Concrete  Highway  Magazine,"  of  March,  191 8. 
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more  in  width,  the  roller  shall  be  provided  with  two  (2)  bails  to 
which  ropes  shall  be  attached,  and  the  roller  pulled  across  the 
pavement.  The  roller  shall  be  operated  at  such  an  angle  with  the 
center  line  of  the  pavement  that  it  advances  along  the  pavement 
about  two  (2)  feet  for  each  time  across.  The  roller  shall  pass  from 
one  edge  of  the  pavement  to  the  other,  care  being  taken  not  to 
run  the  roller  over  the  side  forms  so  that  earth  or  other  foreign 
material  will  adhere  to  it.  After  the  roller  has  covered  a  given 
area  in  the  manner  described,  the  same  area  shall  be  similarly 
covered  by  the  roller  for  not  less  than  three  times  at  intervals  of 
fifteen  to  forty  minutes,  and  as  many  times  additional  as  may 
be  necessary  to  remove  excess  water. 

"After  the  rolling  has  been  completed  the  pavement  shall  be 
finished  by  two  applications  of  a  belt  made  of  canvas  or  rubber 
belting,  not  less  than  six  (6)  inches  wide  and  not  less  than  two  (2) 
feet  longer  than  the  width  of  the  pavement.  The  belt  ^all  be 
applied  with  a  combined  cross- wise .  and  longitudinal  motion. 
For  the  first  application  vigorous  strokes  at  least  twelve  (12) 
inches  long  shall  be  used,  and -the  longitudinal  movement  of  the 
belt  along  the  pavement  shall  be  very  slight.  The  second  applica- 
tion of  the  belt  shall  be  immediately  after  the  water  glaze  or  sheen 
disappears,  and  the  stroke  of  the  belt  shall  be  not  more  than  four 
(4)  mches,  and  the  longitudinal  movement  shall  be  much  greater 
than  for  the  first  belting.** 

Sheet  Asphalt,  Topeka  Mix,  Etc. — The  important  points  in  any 
form  of  a  mixed  Bituminous  surface  are  a  proper  grading  of  the 
aggregate  and  care  not  to  char  the  binder  in  mixing.  The  concrete 
base  for  asphalt  pavements  should  have  a  rough  finish. 

Two  inspectors  are  required;  one  at  the  plant  and  one  where  the 
asphalt  is  being  Isdd.  Plant  inspection  should  he  conHniwus.  The 
plant  inspector  is  responsible  for  the  proper  proportions  of  the  dif- 
ferent sizes  of  the  aggregate  and  for  we  proper  temperature  of  the 
mix.  To  insure  the  proper  proportions  he  should  test  the  measuring 
scales  at  short  intervals  and  sift  a  sample  of  the  dry  mineral  aggre- 
gate at  least  once  a  day.  His  most  important  duty  is  to  prevent 
charring  of  the  binder.  It  is  not  necessary  to  take  the  tempera- 
ture of  each  batch  as  with  a  little  experience  any  objectionable  con- 
dition can  be  detected  by  the  character  of  the  smoke;  a  dense  white 
smoke  given  off  when  mixing  indicates  a  dangerously  high  tempera- 
ture. When  this  is  observed  the  batch  should  be  tested  with  a 
thermometer  and  immediately  rejected  if  over  the  specified  tempera- 
ture limit.  (See  specifications.)  The  temperature  of  the  mineral 
aggregate  will  fluctuate  very  rapidly  in  the  small  plants  generally 
used  for  road  work  and  care  should  be  observed  in  picking  the  plant 
inspector  'that  he  is  a  very  conscientious  man.  He  should  also 
furnish  the  driver  of  each  load  of  asphalt  with  a  ticket  giving  the 
weight  of  the  niix  on  that  load. 

The  Inspector  on  the  road  records  the  temperature  of  the  mix 
as  receivea,  the  weight  of  each  load  and  indicates  to  the  spreaders 
the  number  of  sq.  yd.  it  should  cover. 

(The  surface  mix  weights  approx.  100  lb.  per  sq.  yd.  per  inch  of 
consolidated  depth.) 
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He  also  should  take  a  sample  of  the  mix  as  delivered  once  a  day 
and  ship  to  the  laboratory  for  check  analysis. 

The  following  sketches  show  a  sample  of  a  plant  inspector's  and 
road  inspector's  record  book. 

Sept.  29,  1914.    Plant  Recosd 


Load  Record 

Bitumen  Recoid    • 

Load 

Time 

Temperature 
of  Mix. 

Weight  of 
L^d 

Time 

Temperature 

I 
2 

3 

4 

5 
6  etc. 

7.30 
7.45 
7.55 
8.1S 
8.2s 

8.45 

320*'  F. 

310 
300 
300 
290 
310 

5000   lbs. 
sooo  " 
6000  " 
6000  " 
5000  " 
sooo  ** 

7.00 

8.00 

9.00 

10.00 

II.OO 

12.00 

3IO*'  F. 

345 
340 

310 
30s 
320 

Test  Sample  No.  7.    Sept.  29,  1915.    Road  Record 


Load 
No. 


I 
2 

3 

4 
S  etc. 


Time 


8.00 
8.20 
8.30 

8.45 
9.00 


Tempera- 
ture of 
Mix. 


310^ 
300 

29s 

295 
280 


F. 


Weight  as 
per  Ticket 


SOOO  lbs. 
SOOO  " 
6000  " 
6000 
SOOO 


No.Yds. 
Covered 


25 
25 
30 
30 
2S_ 


Location  on  Road 


Sta.  10  +  30  to  10  -I-  42 

"    10  +42  "  10+54 

10  +54  "  10+69 
10+69  "  10+84 
10  +84  **  10+06 


u 
it 
It 


Proportions  of  lllix. — The  proportions  of  mix  should  be  deter- 
mined by  the  engineer  by  screen  analysis  of  the  different  materials 
tiiat  the  contractor  proposes  to  use. 

As  an  example  assume  that  a  mixture  of  cement,  fine  sand,  coarse 
sand  and  buckwheat  stone  is  proposed  and  it  is  desired  to  determine 
the  relative  amounts  of  the  different  materials  to  use  in  order  to 
get  the  correct  proportion  of  sizes  specified. 

For  all  ordinary  purposes  a  size  analysis  can  be  safely  made  using 
the  following  screens:     #200,  #80,  #40,  #10,  J^"  and  J^". 

The  materials  are  thoroughly  dried  and  the  percentages  expressed 
by  weight. 

Fine  Sand     (Feeder  Pit) 
Passing  # 


200 5% 

#  80  retained  on  #  200    70  % 

#  40       "         "#    80 25% 


Good  Quality 
Coarse  Sand     (Bauerman  Pit) 


Passing  #  200 i  % 

#80  retained  on  #200   2% 

#40         "       "  #80    29% 

#10         "        "  #40     68% 
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Buckwheat  Stone.     (Commercial  plant.) 

Passing  #  200 i  % 

#  40  retained  #200   2  % 

#  10          "      #40 7% 

H"          "      #10 60% 

y2"     "    K" 30% 


The  pro{)ortions  can  now  be  varied  to  produce  practically  any 
required  mix. 


Tabulation  Showing  Method  of  KDetermming  the  Number  of  Pounds  of  Each 
Material  to  be  Used  in  a  100  lb.  Batch  to  Produce  a  Required  Mix. 

Material 

No. 
lbs. 

Bitu- 
men 

#200 

Ho 

#10 

i 

1 

Bitumen 

Cement 

Fine  Sand 

Coarse  Sand  . . 
Buckwheat 

Stone  

Totals 

10 

7 

47 
20 

16 
100 

10 
10 

7 
2.5 

9.5 

44.5 
6.0 

50.5 

14.0 

1.0 
15-0 

9.6 
9.6 

5.4 
5-4 

In  this  way  the  effect  of  varying  any  of  the  component  parts  of 
the  mix  can  be  readily  seen  and  determined. 

The  total  size  of  the  batch  is  of  course  varied  to  suit  the  capacity 
of  the  plant. 

The  laboratory  analysis  of  the  daily  sample  taken  on  the  road 
furnishes  a  check  on  the  plant  inspector. 

Rollers. — The  best  results  can  be  obtained  by  the  use  of  two 
tandem  rollers;  a  light  roller  not  over  5  tons  for  first  compression 
to  anneal  the  surface  while  hot  and  a  heavier  8  to  10  ton  roller 
for  final  compression  and  cross-rolling.  This  is  more  important 
where  the  asphalt  is  laid  on  a  macadam  base  than  when  laid  on 
concrete. 

BiaCK  ROADS 

To  cover  the  points  of  construction  of  brick  roads  we  can  not 
do  better  than  to  give  "Instructions  for  Inspectors,"  by  William 
C.  Perkins,  Resident  Engineer,  New  York  State  Department 
of  Highways.  Mr.  Perkins  is  well  qualified  to  judge  of  this  class 
of  work. 

Grading. — "Read  your  specifications  carefully  and  follow 
them  in  every  particular. 

"  Do  not  let  the  contractor  dig  beyond  the  back  slopes  of  vour 
ditches.  Your  ditches  should  be  straight,  no  sudden  jogs;  back 
slopes  all  true;  no  rubbish  deposited  back  of  the  ditches,  and  be 
sure  that  your  ditches  drain. 
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"Follow  your  cross-sections  as  closely  as  possible.  Try  to 
aid  the  contractor  to  take  care  of  his  dirt  so  that  when  the  road 
is  cleaned  up  there  will  not  be  a  great  amount  of  material  to  be 
moved. 

"Never  make  a  shovel  fill  over  6  inches  without  rolling  it. 

"In  making  a  heavy  fill  with  dump  wagons  begin  to  dump 
at  the  end  toward  your  dirt  supply.  Have  each  pile  of  dump 
dirt  spread  thin  and  draw  the  next  load  over  this,  which  will 
help  to  pack  it.     All  should  then  be  thoroughly  rolled. 

Examine  your  sub-grade  carefully,  particularly  when  the 
roller  is  going  over  same,  and  if  it  waves  or  shakes  under  the 
roller,  sub-base  or  drain  should  be  put  in,  or  the  material  dug  out 
and  the  proper  material  put  in.  Do  not  make  a  fill  with  any  old 
material  found  along  the  road.     Use  judgment  in  this  particular. 

"Clearing  and  grubbing  does  not  mean  the  grubbing  of  sod. 
It  means  the  cutting  down  of  bushes,  trees,  etc.  Remember 
that  the  life  of  your  pavement  is  the  condition  of  your  sub-g^de. 
The  same  should  be  inspected  by  the  engineer  in  charge  before 
any  stone  or  concrete  is  placed. 

"Grade  the  full  width  of  your  macadam  or  concrete.  Never 
deposit  stone  in  the  rut.     Keep  your  sub-base  free  of  ruts. 

"If  your  roller  is  not  working  on  other  work  roll  your  sub-grade. 
You  can  not  roll  it  too  much. 

"Do  not  shift  center  line  or  grades  until  you  have  reported  the 
necessity  for  it  to  headquarters,  and  if  absolutely  necessary  give 
an  estimate  of  the  increase  or  decrease  in  quantities  that  such 
change  would  make. 

"Shoulders  should  not  contain  sod  within  i8  inches  of  the 
macadam. 

"Back  slope  all  ditches  i  on  i  J^.  Be  careful  that  your  gutters 
are  not  too  deep.  Deep  gutters  where  not  necessary  for  drainage 
purposes  make  a  road  dangerous  and  must  be  avoided. 

"In  trimming  shoulders  and  ditches  a  good  inspector  should 
be  put  on  the  work,  and  instructed  to  see  that  the  contractor 
sets  proper  stakes.  A  stake  should  be  set  out  from  the  edge  of  the 
macadam,  and  also  one  in  the  ditch,  and  should  be  set  at  least 
every  loo  feet.  The  bottom  of  the  ditch  must  be  a  true  grade, 
no  depression,  and  the  ditch  alignment  must  be  good.  These 
stakes  can  be  easily  set  with  a  1 6-foot  level  board.  When  approach- 
ing a  culvert  it  is  not  necessary  to  deepen  the  gutters  until  you 
reach  within  50  feet  of  same,  when  a  straight  grade  can  then  be 
run  to  the  invert. 

"In  all  cases  be  sure  your  ditches  will  carry  water,  and,  I  re- 
peat, be  sure  they  are  not  ragged  and  the  back  slopes  are  well 
graded.  In  trimming  shoulders  be  sure  there  is  no  ridge  next  to 
the  macadam. 

"In  setting  your  stakes  for  the  shoulder  work  use  the  ordinates 
and  distances  shown  on  the  standard  section. 

"Subgsade.  Be  sure  that  your  subgrade  has  been  properly 
graded  so  as  to  obtain  5  inches  of  concrete.  If  the  contractor 
builds  the  curb  first,  a  templet  should  be  run  over  the  curbing 
and  test  made  to  be  sure  that  you  have  the  correct  depth. 
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''Concrete  Edging. — Stakes  for  concrete  edging  can  be  placed 
every  50  feet  for  line  and  grading,  with  the  exception  at  change 
of  grades  and  curves,  where  they  should  be  place4  every  25  feet. 

**Be  sure  that  your  forms  are  properly  set  as  to  line  and  grade. 

"With  stakes  50  feet  apart  be  careful  that  there  is  no  sag  in  the 
line  when  the  fonns  are  set. 

"If  edging  is  set  first  it  is  better  that  the  concrete  be  hand- 
mixed,  as  a  machine  turns  out  too  large  a  quantity  and  can  not  be 
placed  in  the  proper  time. 

"See  that  your  forms  are  wet  before  the  concrete  is  placed, 
and  if  steel  forms  are  used  they  should  be  oiled. 

"Have  a  careful  inspector  on  the  mixing  of  the  concrete  for 
the  edging  and  watch  the  mix. 

"Keep  track  of  the  number  of  bags  of  cement  used  and  see 
that  the  proper  proportion  of  cement  to  the  lineal  foot  of  edging 
is  obtained. 

"Edging    6"  X  10 J^"  will  use  i  bag  in  12.95  feet 

"Edging    8"  X  10 J^"  will  use  i  bag  in  9.73  feet 

"Mixture,  i  -  2}^  -  5. 

"Make  the  mixture  ratiier  wet  and  spade  the  same  thoroughly, 
using  a  hoe  straightened  and  punched  full  of  holes,  or  some  similar 
instrument,  so  as  to  get  a  good  face  next  to  the  forms. 

"If  you  find  you  can  not  get  a  good  top  surface  keep  the  edging 
a  couple  of  inches  low,  and  about  every  third  batch  mix  a  batch 
of  fine  material  and  bring  the  edging  up  to  the  proper  height, 
thoroughly  working  the  same  in. 

**  Do  not  get  a  plaster  effect,  but  get  a  good  top  surface. 

"Round  both  edges  with  a  rounding  tool,  making  the  inner 
edge  of  a  smaller  radius  than  the  outer  edge. 

"When  the  forms  are  taken  down  all  spots  which  are  honey- 
combed, '  or  rough,  should  be  floated  at  once  with  cement.  A 
rough  edging  should  not  be  left  on  any  road. 

"  Have  the  contractor  back  up  the  edging  as  soon  as  possible. 

"In  warm  weather  the  edging  should  be  kept  wet  for,  at  least, 
twenty-four  hours.  Have  the  contractor  use  care  in  delivering 
materials  after  the  edging  is  built  so  that  the  edges  of  ^me  are 
not  broken  by  wagons,  etc. 

"A  good  edging  is  often  ruined  by  carelessness  on  the  part  of 
the  contractor. 

"Concrete  Base. — Before  laying  base  be  sure  that  the  founda- 
tion is  in  proper  shape  and  of  a  proper  depth. 

"Lay  the  concrete  rather  wet  and  drag  same  with  a  heavy  templet. 
Have  men  back  of  the  templet  with  tamping  irons  or  blocks,  tamp- 
ing the  concrete.  This  is  important  if  you  wish  to  get  a  smooth 
surface,  and  you  must  insist  that  the  concrete  be  well  tamped. 

"Be  sure  that  you  keep  track  of  your  bags,  and,  also,  that  the 
machine  is  working  properly. 

**For  a  i6-ft.  road  11%  bags  will  lay  10  ft.  concrete  base,  mix- 
ture 1-2^^-5. 

"After  the  day's  run  examine  your  base,  and  if  there  are  any 
spots  which  are  porous,  grout  same  and  check  up  your  bags  at 
the  end  of  each  day. 
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"If  the  weather  is  very  hot  the  base  should  be  kept  wet  for 
twenty-four  hours. 

"Sand  Cushion. — Sand  for  this  cushion  should  be  absolutely 
free  of  stones,  and  you  must  insist  that  the  contractor  screen  same, 
if  stones  are  in  the  sand  delivered.  No  excuses  will  be  taken  for 
stones  or  pebbles  in  the  cushion.  Spread  sand  for  a  sufficient 
depth,  then  roll  same  with  a  small  roller;  then  drag,  roll  again, 
and  then  drag  with  templet. 

"This  should  be  sufficient  to  give  a  firm  cushion. 

"The  smoothness  of  the  pavement  depends  on  the  proper 
form  of  the  cushion. 

"Cement  Sand  Cushion. — Use  same  order  of  manipulation  as  for 
sand  cushion  except  that  after  culling  and  rolling  the  brick  the 
pavement  must  be  sprinkled  thoroughly  to  wet  the  cushion  and 
set  it  up  before  grouting. 

'*  Brick. — Great  care  must  be  used  in  obtaining  proper  brick 
surface. 

"Be  sure  that  your  strips  on  the  side  expansion  joints  are  in 
when  the  contractor  starts  to  lay  brick. 

"Allow  no  pinning  in  at  the  ends  under  2j^  inches. 

"Be  sure  that  the  expansion  joint  is  not  ragged.  It  must  be 
uniform  in  width,  otherwise  you  will  have  transverse  cracks. 

"All  bricks  should  be  laid  with  lugs  in  the  same  direction. 
This  is  a  point  that  the  bricklayers  very  often  do  not  do.  The 
bricks  should  be  laid  by  experienced  bricklayers,  not  by  amateurs. 

"After  the  brick  are  laid  the  contractor  will  start  culUng.  Then 
you  and  your  inspectors  should  carefully  go  over  them,  marking 
all  soft^  bricks  to  be  taken  out  and  rejected;  all  kilnmarked  bricks 
to  be  turned  over,  and  if  not  satisfactory  to  be  taken  out  and  used 
for  pinning  in;  all  overbumed  bricks,^  which  are  burned  to  a  cinder 
to  be  rejected.  All  underbumed  bricks,  which,  in  your  opinion, 
will  not  make  a  satisfactory  pavement,  to  be  rejected.  All  bronzed 
bricks  (which  have  the  appearance  of  overbumed  brick  but  this 
on  one  side  only)  to  be  turned  over,  and  if  satisfactory  allowed  to 
remain  in  the  pavement. 

"Be  ^ure  that  you  have  culled  all  of  the  bricks  before  the  pave- 
ment is  rolled,  for  after  the  pavement  is  rolled  if  much  culling  is 
done  you  are  liable  to  have  a  rough  pavement.  After  the  pave- 
ment is  rolled  go  over  same  and  mark  all  broken  and  spalled 
bricks,  to  be  taken  out  or  turned  over. 

"  Be  careful  of  all  high  and  low  bricks  in  the  pavement,  for  same 
will  wear  badly  when  the  road  is  finished. 

"Be  sure  that  your  bricks  are  laid  at  right  angles  to  the  curb 
and  are  not  wavy  as  to  line. 

"In  no  case  allow  any  'Dutchman'^  in  your  pavement  except 
on  curves  where  absolutely  necessary. 

1  Soft  brick  are  found  by  sprinkling  the  pavement  lightly;  the  soft  or 
under-burned  brick  will  absorb  the  moisture,  rapidly  becoming  dull,  while 
the  good  brick  still  glisten  with  the  water. 

'  Over-burned  brick  are  known  by  their  color,  which  is  much  darker  than 
the  average. 

s ''Dutchman."  Brick  chipped  to  wedge  shape  to  fill  in  between  radial 
courses  on  curves. 


CULVERTS  683 

^'GfOUtiiig. — The  grouting  of  the  pavement  is  its  life,  and  the 
greatest  care  must  be  used.  Insist  that  all  grout  be  placed  on  the 
pavement  by  the  use  of  scoops  from  a  box  with  unequal  legs,  or 
better  still  it  should  be  mixed  in  a  machine  grout  mixer  with  a 
spout  delivery. 

''The  grout  should  be  mixed  in  small  quantities  and  of  the  exact 
proportions.  The  sand  should  be  sharp,  not  too  coarse  nor  too 
fine.  Care  should  be  taken  in  using  lake  sand,  as  same  is  probably 
not  sharp  and  too  heavy  for  the  grout.  As  soon  as  the  grout 
reaches  tne  pavement  it  should,  at  once,  be  pushed  into  the  joints 
by  means  of  brooms  or  squeegees. 

''It  is  best  to  use  brooms  on  the  first  grouting  and  a  squeegee 
on  the  second  and  third  groutings. 

"  Be  sure  that  the  joints  are  well  filled  in  the  first  grouting,  and 
do  not  let  the  grout  escape  over  the  edging  and  be  lost. 

"Follow  closely  with  the  second  grouting,  otherwise  the  two 
groutings  will  not  unite. 

"  Be  careful  that  the  second  grouting  does  not  overlap  the  first. 
After  the  second  grouting  examine  the  pavement  carefully  and,  if 
necessary,  put  on  a  third  grout  to  get  flush  joints. 

"The  pavement  should  be  completely  covered  with  grout  and 
all  joints  should  be  well  filled  before  you  pass  on  same. 

"Allow  enough  time  for  the  grout  to  obtain  initial  set,  and  cover 
pavement  with  a  layer  of  sand  to  protect  same  from  the  weather; 
and  pavement  should  be  kept  wet  for,  at  least,  twenty-four  hours. 

"In  no  case  permit  traffic  on  the  pavement  under  ten  days; 
longer,  if  possible. 

"Expansion  Joints. — Be  careful  in  removing  the  expansion  joint 
boards  that  you  do  not  disturb  the  pinning-m  bricks  and  break 
the  bond.  .  We  found  it  advisable  to  use  two  wedge-shaped  boards 
to  make  the  expansion  joints  and  loosen  up  the  back  one  as  soon 
as  grouting  was  started. 

"In  pouring  the  asphalt  filler  be  sure  that  the  joints  are  abso- 
lutely clean  3ie  full  deptii.  This  is  very  important,  or,  other- 
wise, you  will  have  cracks  in  the  pavement.  The  joints  are  to 
be  flushed  with  asphalt.''  ^ 

Author's  Note:  These  instructions  were  written  m  191 2. 
Premolded  asphalt  joints  are  practically  universally  used  today 
and  overcome  the  dangers  mentioned  above. 

CULVERTS 

Culverts  are  usually  constructed  before  the  road  is  graded. 
They  should  be  completed  well  in  advance  of  the  macadam, 
because  even  though  the  back-fill  is  carefully  tamped  there  is 
bound  to  be  some  additional  settlement  under  traffic  action,  and 
if  the  macadam  is  laid  over  a  fresh  back-fill  depressions  are  sure 
to  develop  which,  if  not  repaired,  make  "thank-you-marms" 
in  the  road. 

Cast-iron  Pipe. — ^Trenches  for  pipe  are  dug  the  required  depth, 
making  the  bottom  wide  enough  to  allow  the  joints  to  be  properly 
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calked.  This  requires  a  trench  i8"  to  24"  wider  than  the  pipe 
diameter,  i.e.,  for  a  12"  pipe  the  trench  is  30"  to  36".  Bell  holes 
are  dug  as  shown  in  Fig.  144,  so  that  the  pipe  will  have  a  uniform 
bearing  its  entire  length.  At  no  point  should  it  rest  directly 
on  boulders  or  ledge  rocks.  If  the  foundation  is  soft  the  pipe  should 
be  laid  on  a  concrete  base.  For  ordinary  soils  the  only  precaution 
the  inspector  need  take  is  to  prevent  backfill  under  the  pipe. 


Fig.  144. 

Unless  the  foreman  is  alert  the  trench  is  often  excavated  too 
much  in  some  places,  which  are  then  back-filled.  This  is  bad 
practice  except  where  boulders  are  encountered  which  must  be 
removed  and  the  cavities  back-filled  with  good  material. 

Pipe. — ^The  pipe  is  inspected  for  flaws;  it  is  then  placed  in  the 
trendi  with  the  bell  end  upstream.    At  each  joint  the  spigot 
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Pig.  145. — Steel  caulking  tool. 

end  is  placed  in  the  bell  and  forced  against  the  shoulder,  making  a 
tight  joint.  The  pipe  is  then  lined  correctly  and  a  gasket  of 
jute  or  oakum  driven  into  the  joint  with  an  iron  r^llripg  tool 
having  a  2"  to  ^"  offset,  as  shown  in  Fig.  145.  The  balance  of  the 
joint  is  then  filled  with  a  i  to  i  cement  mortar. 

The  trench  is  then  back-filled,  care  being  taken  not  to  throw 
the  pipe  out  of  line:  the  back-fill  must  be  well  tamped  in  layers 
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Fig.  146. 

not  exceeding  6",  using  heavy  paver's  rammers.  A  good  working 
rule  is  to  use  two  of  the  best  men  on  the  job  tamping  and  the 
laziest  man  on  the  force  throwing  dirt  to  them. 

Head-Walls  for  Culverts. — The  face  of  the  head-wall  should 
extend  beyond  the  end  of  the  pipe,  as  it  is  difficult  to  get  a  good- 
looking  connection  if  it  is  flusn  with  the  end. 

Figure  146  shows  a  convenient  plug  form  for  this  extension.  This 
plug  is  set  into  the  end  of  the  pipe  and  can  be  readily  removed; 
the  resulting  head-wall  being  pleasing  in  appearance.  The  head- 
wall  form  can,  also,  be  readily  skewed  (set  at  an  angle  with  the 
pipe)  if  required. 
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Ezcavatioii. — The  trench  is  dug  to  the  required  depth;  if  the 
material  will  stand  vertically  no  back  forms  are  necessary,  and 
the  width  of  the  trench  is  made  the  width  of  the  out  to  out  di- 
mensions of  the  culverts.  If  back  forms  are  needed  the  trench 
is  usually  made  2  feet  wider.  If  running  water  is  encountered 
which  can  not  be  temporarily  dammed,  or  diverted,  tiie  trench  is 
made  wide  enough  to  nume  the  stream  through  on  one  side  of  the 
back  forms  for  small  culverts,  or  between  the  abutments  for 
la^er  span  structures. 

Back-fill. — The  back-fill  is  made  as  for  cast-iron  pipe  except 
that  it  should  not  be  deposited  on  the  fresh  top  of  a  culvert  withm 
twenty-four  hours  of  laying  the  concrete. 

Forms. — Forms  should  be  true  to  shape  and  constructed  of 
planed  tongue  and  groove  or  carefully  sized  lumber,  for  the  exposed 
surfaces.  Face  form  lumber  should  never  be  less  thaii  %  in.  thick 
and  should  be  well  ribbed.  They  should  be  water-tight,  as  other- 
wise the  fine  material  will  run  out  of  the  face  of  the  concrete  and 
leave  a  rough  "pop-corn"  surface.  They  must  be  well  braced  to 
prevent  bulging.  Triangular  or  feather-edged  grooved  moldings 
are  placed  in  the  angles  of  the  forms  to  shape  them  satisfactorily. 

Removal  of  Forms. — The  length  of  time  that  the  forms  should 
remain  in  place  is  a  matter  of  judgment;  it  depends  upon  the 
cement  and  weather  conditions. 

The  author's  practice  is  as  follows: 

Head-walls  or  parapet  forms  are  removed  within  thirty-six 
hours  in  dry  weather  or  within  forty-eight  hours  in  damp,  cold 
weather,  in  order  to  rub  down  the  surfaces. 

Low  side-waU  forms  for  spans  of  2'  to  3',  where  the  deck  is 
constructed  later,  may  be  removed  in  36  to  48  hours. 

Trunk  forms  for  small  culverts  2'  to  3'  span  may  be  removed 
in  from  3  to  7  days. 

Trunk  forms  for  medium  culverts  up  to  10'  span  7  to  14  days. 

Beck  forms  for  spans  above  10'  may  be  removed  in  from  14 
to  28  days. 

Any  unusual  load,  such  as  a  roller,  should  not  be  allowed  over 
a  new  culvert  of  even  a  small  span  in  less  than  seven  days,  unless 
precautions  are  taken  to  distribute  the  pressure  by  planking  tihe 
Sack-fill,  or  otherwise,  and  on  the  larger  structures  a  time  limit 
of  three  to  four  weeks  is  advisable. 
Amount  of  Cement,  Sand,  and  Stone  required. 

Table  62,  page  623  gives  these  amounts  for  one  yard  of  concrete. 

The  following  table  gives  the  amount  of  stone,  sand,  and  cement 
required  for  culverts  similar  to  Plate  15,  assuming  that  no  embedded 
boulders  are  used  in  the  sides  and  bottom.  If  boulders  are  used  see 
footnote,  Table  62. 

MIXING  AND  PLACING  CONCRETE 

The  strength  of  the  concrete  depends  largely  upon  the  thorough- 
ness of  the  mixing  and  the  water  content. 
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The  author's  practice  has  been  as  follows: 

Hand-Mixing.    Cement  and  Sand. 

3  turns  dry  ...  .3d  class  concrete  (foundations  and  side  walk) 

4  "       "    ....  2d     "  "  (decks  and  parapets) 

Add  water  and  mix  mortar. 

Drench  stone  and  turn  stone  and  mortar. 

3  times  for  3d  class  concrete 

4  "       "   2d     "  " 


Deposit  in  forms  by  dropping.  Do  not  cast,  as  this  separates 
the  coarse  and  fine  material.  Use  enough  water  to  give  a  mixture 
that  quakes  like  liver  under  the  rammer  (about  6  gals,  per  sack 
of  cement). 

Deposit  in  layers  not  over  6"  deep  and  ram  each  layer  thor- 
oughly; spade  the  concrete  thoroughly,  and  work  an  excess  of 
the  fine  stuff  to  the  face  of  the  forms  by  prying  the  larger  frag- 
ments back  from  the  form  with  a  narrow  spade  or  broad-tined 
fork. 

Machine  Mixing. — Culverts  generally  contain  such  a  small 
quantity  of  concrete  that  machine-mining  is  rarely  used.  In  case 
a  batch-mixer  is  employed,  the  inspection  is  simplified  to  checking 
the  quantities  of  cement,  sand,  and  stone  in  each  charge.  If  a 
continuous  mixer  is  used  it  is  well  to  keep  watch  of  the  cement 
hopper,  as  the  cement  is  liable  to  run  low,  feeding  only  a  portion 
of  the  worm,  or  a  large  lump  of  cement  may  ride  on  top  of  the 
worm  and  hinder  the  feed;  or  the  worm  may  become  coated  with 
damp  cement  which  reduces  the  capacity.  If  the  inspector 
watcnes  the  cement  hopper  the  contractor  will  tend  to  the  sand 
and  stone  hoppers. 

Finishing  Concrete. — ^If  a  smooth,  marble-like  surface  is  de- 
sired it  can  be  obtained  by  rubbing  down  the  surface  before  it 
has  fully  set  with  a  cement  sand  brick  moistened  with  water.  If 
a  rough  sandpaper-like  finish  is  wanted  it  can  be  secured  by  rubbing 
with  a  wooden  float  moistened  with  water.  This  finish  is  not 
as  apt  to  hair-check  as  the  smooth  finish. 

Freshly  laid  concrete  should  be  protected  from  a  hot  sun  by 
covering  it  with  canvas,  or  blankets,  and  wetting  it  down  fre- 

guently  for  four  or  five  days.  No  plastering  of  surfaces  should 
e  allowed  after  the  cement  has  set.  If,  however,  it  has  been 
badly  hair-checked  from  heat  the  defect  can  usually  be  remedied 
by  rubbing  with  a  carborundum  brick.  Freshly  laid  concrete 
must  be  protected  from  frost.  A  satisfactory  method  is  to  cover 
with  canvas  and  a  thick  layer  of  manure  or  straw.  If  the  concrete 
has  been  frost-pitted,  on  the  surface  only,  bush  hammering  will 
give  a  rough  stone  finish,  pleasing  in  appearance.  No  culvert  work 
should  be  allowed  in  continued  cold  weather,  as  it  is  difficult  to 
get  a  good  finish  and  in  roadwork  there  is  no  necessity  of  doing 
this  work  in  the  winter.    Concrete  inspection  must  be  coniinuous. 
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CONCLUSION 

For  obvious  reasons  the  inspection  of  construction  is  generally 
the  weak  point  in  Municipal  and  State  Engineering  undertakings. 
It  is  often  due  to  the  employment  of  inferior  inspectors,  and  fre- 
quently to  the  impossibility  of  even  good  inspectors  controlling 
certain  contractors.  The  work  is  rarely  bad,  but  it  will  not  be  as 
strong  nor  as  lasting  as  a  first-class  job,  and  if  such  conditions  are 
foreseen,  and  can  not  be  avoided,  it  is,  perhaps,  best  to  design  the 
work  stronger  than  would  otherwise  be  required,  as  this  seems  to  be 
the  only  practical  method  of  meeting  a  recognized  evil. 
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6^ 
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8.9 

6a 
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"3 

36 
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5-9 
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9-4 

6.4 
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13-7 

6.0 
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14-7 
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4.2 

XI.8 

64 
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14-8 

49 

4.3 
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7.7 

• 

15.2 

50 

44 
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6.4 
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18.0 

7.8 
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Table  67. — Concrete  Culverts.^ — Continued 


2'  high  X  2'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 

Metal 

Square 

Feet 

Paving 

Square 
Yards 

Portland 

Cement 

Barrels 

Sand 

Cubic 

Yards 

Crushed 
Stone 
Cubic 
Yards 

Second 

Third 

SO 

2^ 

7.1 

80 

9.8 

lO.Z 

4.4 

8.8 

21 

2.4 

7-3 

84 

9.8 

10.4 

4.5 

9.0 

22 

2-5 

7.6 

88 

9.8 

10.8 

4.7 

9.4 

23 

2.6 

7.9 

92 

9.8 

II.2 

4.9 

9.7 

24 

2.7 

8.1 

96 

9.8 

• 

"•5 

50 

10.0 

25 

2.7 

8.4 

100 

9.8 

11.8 

5-2 

IQ.3 

26 

2.8 

8.6 

104 

9.8 

12.2 

53 

10.6 

27 

2.9 

8.9 

108 

9.8 

12.6 

5.5 

10.9 

28 

3-0 

9.2 

112 

9.8 

13.0 

5.7 

"3 

29 

3-0 

9.4 

116 

9.8 

132 

5.8 

11.5 

30 

3.1 

9.7 

120 

9.8 

13.6 

6.0 

11.9 

31 

3-2 

9.9 

124 

9.8 

14.0 

6.1 

12.1 

32 

3.3 

10.2 

128 

9.8 

14.4 

6.S 

12.5 

33 

3-3 

10.5 

133 

9.8 

14.7 

6.4 

12.8 

34 

3-4 

10.7 

136 

9.8 

15.0 

6.6 

13.0 

35 

3.5 

H.O 

140 

9.8 

15.4 

6.8 

13-4 

36 

3.6 

11.2 

144 

9.8 

15.8 

6.9 

137 

37 

3.6 

".5 

148 

9.8 

16.1 

7.1 

14.0 

38 

3.7 

11.8 

152 

9.8 

16.5 

7.2 

14.4 

39 

3.8 

12.0 

156 

9.8 

16.8 

7-4 

14.7 

40 

3.9 

12.3 

160 

9.8 

17.3 

7.6 

15.0 

41 

3.9 

12.5 

164 

9.8 

17.5 

7.7 

15.2 

42 

4.0 

12.8 

168 

9.8 

17.9 

7.9 

15-6 

43 

4.1 

i3«l 

172 

9.8 

18.3 

8.0 

16.0 

44 

4.2 

13-3 

176 

9.8 

18.6 

8.2 

16.2 

45 

4.2 

13-6 

180 

9.8 

18.9 

8.3 

16.5 

46 

4-3 

13-9 

184 

9.8 

19.4 

8.5 

16.9 

47 

44 

14.1 

188 

9.8 

19.7 

8.6 

17.2 

48 

4.4- 

14.4 

192 

9.8 

20.0 

8.8 

174 

49 

4^5 

14.6 

196 

9.8 

20.4 

8.9 

17.7 

50 

4.6 

14.9 

200 

9.8 

20.8 

9.1 

18.1 
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Table  67. — Conchete  Culverts. — Continued 


2'  high 

X  3'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expended 

Metal 

Square 

Feet 

Steel 
Pounds 

Portland 

Cement 

Barrels 

Sand 
Cubic 
Yards 

Crushed 
Stone 

Cubic 
Yards 

Second 

Third 

20 

2.3 

7.6 

100 

78 

IO.S 

4.6 

9.2 

21 

2.4 

7.9 

lOS 

81 

II.O 

4.8 

9.6 

22 

2.5 

8.2 

1 10 

85 

II.4 

50 

9.9 

23 

2.6 

8.5 

"5 

88 

II.8 

5.2 

10-3 

24 

2.6 

S,S 

120 

91 

12.1 

5.3 

10.6 

25' 

2.7 

9.1 

125 

95 

12.5 

5-5 

10.9 

26 

2.8 

9.4 

130 

98 

13-0 

5.7 

"•3 

27 

2.9 

9.7 

135 

lOI 

134 

5.9 

11.7 

28 

3.0 

9.9 

140 

105 

13-7 

6.0 

12.0 

29 

3.1 

10.2 

145 

108 

14. 1 

6.2 

12.3 

30 

3.2 

10.5 

ISO 

112 

14.6 

6.4 

12.7 

31 

3.3 

10.8 

155 

"5 

15.0 

6.6 

131 

32 

3.4 

ii.i 

160 

X18 

15.4 

6.8 

13-4 

33 

3-5 

11.4 

165 

122 

159 

7.0 

138 

34 

3.6 

11.7 

170 

125 

16.3 

7.2 

14.2 

35 

3.7 

12.0 

175 

128 

16.7 

7.3 

14.6 

36 

3.8 

12.2 

180 

132 

17.0 

7-5 

14.8 

37 

3-9 

12.5 

185 

135 

17.5 

7.7 

15.2 

38 

3-9 

12.8 

190 

139 

17.8 

7.8 

^SS 

39 

4.0 

13.1 

195 

142 

18.2 

8.0 

15.9 

40 

4.1 

13.4 

200 

145 

18.6 

8.2 

16.2 

41 

4.2 

13.7 

205 

149 

19.0 

8.4 

16.6 

42 

4.3 

14.0 

210 

152 

195 

8.6 

17.0 

43 

4.4 

14.3 

215 

156 

19.9 

8.7 

17.3 

44 

4.5 

14.5 

220 

159 

20.2 

8.9 

17.6 

45 

4.6 

14.8 

225 

162 

20.7 

9.1 

18.0 

46 

4.7 

15.1 

230 

166 

21. 1 

9.2 

18.4 

47 

4.8 

15.4 

235 

169 

21.5 

9.4 

18.7 

48 

4.9 

15-7 

240 

172 

21.9 

9.6 

19.1 

49 

5-0 

16.0 

245 

176 

22.4 

9.8 

iQS 

SO 

S.I 

16.3 

250 

179 

22.8 

lO.O 

19-8 
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• 

2'  hi^  X  4'  wide 

Length 

T7     ^A. 

Concrete 
Cubic  Yards 

Eroanded 
Metal 

Sted 
Pounds 

Portland 
Cement 

Sand 
Cubic 

Crushed 
Stone 

Feet 

Square 

Barrels 

Yards 

Cubic 

■ 

Second 

Third 

Feet 

m^^mmm^fm^ 

Jb  ^mm^m^ 

Yards 

20 

2.7 

8.4 

120 

78 

II.8 

5.2 

10.3 

21 

2.8 

8.7 

126 

81 

12.3 

5-3 

10.7 

2a 

2.9 

9.0 

132 

85 

12.7 

5.6 

II.O 

23 

3.1 

9.3 

138 

88 

13.2 

5.8 

"5 

24 

3.2 

9.7 

144 

91 

13.8 

6.0 

12.0 

25 

3.3 

lO.O 

150 

95 

14.2 

6.2 

12.3 

26 

3-4 

IO-3 

156 

98 

14.6 

6.4 

12.7 

27 

3.5 

10.6 

162 

lOI 

15.0 

6.6 

13.1 

28 

3.6 

10.9 

168 

105 

15.5 

6.8 

13.4 

29 

3-7 

11.2 

174 

108 

15.9 

6.9 

13.8 

30 

3.8 

".5 

180 

112 

16.3 

7.1 

14.2 

31 

3-9 

11.9 

\^ 

"5 

16.8 

7.4 

14.6 

32 

4.0 

12.2 

192 

118 

•^1'Z 

7.6 

iS^o 

33 

4.2 

".5 

198 

122 

17.8 

7.8 

15.5 

34 

4.3 

X2.8 

204 

125 

18.3 

8.0 

15.9 

35 

4.4 

I3.I 

210 

128 

18.7 

8.2 

16.2 

36 

4.5 

134 

216 

132 

19.1 

8.4 

16.6 

37 

4.6 

13.8 

222 

135 

19.6 

8.6 

17.1 

38 

4.7 

14. 1 

228 

139 

20.1 

8.7 

174 

39 

4.8 

14.4 

234 

142 

20.5 

9.0 

17.8 

40 

4.9 

14.7 

240 

145 

20.9 

9.1 

18.2 

41 

S-o 

15.0 

246 

149 

2Iu|. 

9,4 

18.6 

42 

5.2 

15.3 

252 

152 

21.9 

9.6 

19. 1 

43 

53 

15.6 

258 

156 

22.3 

9.8 

19.4 

44 

5.4 

16.0 

264 

159 

22.9 

10.0 

19.9 

45 

5*5 

16.3 

270 

162 

23-3 

10.2 

20.2 

46 

5.6 

16.6 

276 

166 

23.7 

10.4 

20.6 

47 

5.7 

16.9 

282 

169 

24.1 

10.6 

21.0 

48 

5.8 

17.2 

288 

172 

24.6 

10.8 

21.3 

49 

5.9 

I7.S 

294 

176 

25.0 

10.9 

21.7 

w 

50 

6.0 

17.8 

300 

179 

25.4 

II. I 

22.1 
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Table  67. — Concrete  Culverts. — Continued 


4' high 

X  4'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 

Metal 

Square 

Feet 

Steel 
Pounds 

Portland 

Cement 

Barrels 

Sand 
Cubic 
Yards 

Crushed 
Stone 
Cubic 
Yards 

Second 

Third 

30 

2.7 

14.S 

120 

87 

x8.i 

8.1 

15.9 

2X 

2.8 

15.0 

126 

90 

18.7 

8.3 

16.5 

22 

2.9 

154 

132 

94 

19.2 

8.6 

17.0 

23 

3.1 

159 

138 

97 

20.0 

8.9 

17.6 

24 

3.2 

164 

144 

100 

20.6 

9.2 

18.2 

25 

3.3 

16.8 

150 

104 

2I.I 

94 

18.7 

26 

SA 

17.3 

156 

107 

21.8 

9.7 

19.2 

27 

3.5 

17.7 

162 

III 

22.3 

9.9 

19.7 

28 

3.6 

18.2 

168 

114 

22.9 

10.2 

20.2 

29 

3.7 

18.7 

174 

117 

23.S 

10.5 

20.8 

30 

3.8 

19.1 

180 

I2X 

24.1 

10.7 

21.2 

31 

3-9 

19.6 

186 

124 

24.7 

II.O 

21.8 

32 

4.0 

20.1 

192 

128 

25.3 

"•3 

224 

33 

4.2 

20.5 

198 

131 

26.0 

11.6 

22.9 

34 

4.3 

21.0 

204 

134 

26.6 

1 1.9 

23.5 

35 

44 

214 

210 

138 

27.1 

12.1 

24«o 

36 

4.5 

21.9 

216 

141 

27.8 

12.4 

24.5 

37 

4.6 

22u|. 

222 

145 

284 

12.6 

25.1 

38 

4.7 

22.8 

228 

148 

28.9 

12.9 

25.5 

39 

4.8 

23.3 

234 

151 

29.6 

13.1 

26.1 

40 

4.9 

23.8 

240 

15s 

30.2 

13.4 

26.6 

41 

5.0 

24.2 

246 

158 

30.7 

13.7 

27.1 

42 

S.I 

24.7 

252 

162 

31.4 

14.0 

27.7 

43 

5.3 

25.2 

258 

i6S 

32.1 

14.3 

28.3 

44 

54 

25.6 

264 

168 

32.6 

14.5 

28.8 

45 

5-5 

26.1 

270 

172 

33.3 

14.8 

29.3 

46 

5.6 

26.5 

276 

175 

33.8 

15.0 

29.8 

47 

5-7 

27.0 

282 

179 

344 

15-3 

30-3 

48 

5.8 

27.5 

288 

182 

35.1 

15.6 

30-9 

49 

5.9 

27.9 

294 

185 

35.6 

15.8 

31-4 

50 

6x) 

28.4 

♦ 

300 

189 

36.2 

z6.x 

3X.9 

CULVERTS 


Table  67. — Concrete  Culverts. — CotUinued 
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3'  high 

X  5'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 
Metal 

Steel    ' 
Pounds 

Portland 
Cement 

Sand 
Cubic 

Crushed 
Stone 

Square 

Barrels 

Yards 

Cubic 

Second 

Third 

Feet 

JI'CvA*  wB0 

^  1*4  ^tf* 

Yards 

20 

4.0 

12.4 

140 

83 

17.5 

7.7 

152 

21 

4.2 

12.8 

147 

86 

18. 1 

7.9 

15.7 

22 

4.4 

13.3 

154 

90 

18.9 

8.3 

16.4 

23 

4.6 

13.7 

l6l 

93 

19-5 

8.6 

17.0 

24 

4.7 

14. 1 

168 

96 

20.1 

8.8 

17.4 

25 

4.9 

14.5 

175 

100 

20:7 

9.1 

18.0 

26 

5-1 

14.9 

183 

103 

21.4 

9-3 

18.5 

27 

53 

15.4 

189 

106 

22.1 

9.6 

19.2 

28 

5-4 

15.8 

196 

no 

22.6 

9.9 

19.7 

29 

5.6 

16.2 

203 

"3 

23.3 

10.2 

20.2 

30 

5.8 

16.6 

210 

117 

•23.9 

10.5 

20.8 

31 

59 

17.0 

217 

120 

245 

10.7 

21.2 

32 

.  6.1 

17.4 

224 

123 

25-1 

II.O 

21.8 

33 

6.3 

.17.9 

231 

127 

25.9 

"3 

22.4 

34 

6.5 

18.3 

238 

130 

26.5 

11.6 

23.0 

35 

6.6 

18.7 

245 

134 

27.1 

1 1.8 

23.5 

36 

6.8 

19.1 

252 

137 

27.7 

12.1 

24.0 

37 

7.0 

19.5 

259 

140 

28.4 

12.4 

24.6 

38 

7.2 

19.9 

266 

144 

29.0 

12.7 

25.1 

39 

7.3 

20.4 

273 

147 

29.6 

Z2.9 

25.7 

40 

7.5 

20.8 

280 

150 

30.3 

13.2 

26.2 

41 

7.7 

21.2 

287 

154 

30.9 

13.5 

26.8 

42 

7.8 

21.6 

294 

157 

31.5 

13-7 

27.3 

43 

8.0 

22.0 

301 

161 

32.1 

14.0 

27.8 

44 

8.2 

22.4 

308 

164 

32.8 

14.3 

28.4 

45 

8.4 

22.9 

315 

167 

33.4 

14.6 

29.0 

46 

8.5 

23.3 

322 

171 

34.1 

14.8 

29.5 

47 

8.7 

23-7 

329 

174 

34.7 

151 

30.0 

48 

8.9 

24.1 

336 

177 

35.3 

15.3 

30.6 

49 
r 

so 

9.1 

24.5 

343 

i8i 

36.0 

15.6 

3Z*3 

9.2 

24.9 

350 

184 

36.5 

15.9 

31.6 

696 
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Table  67. — Concbete  Culverts. — Continued 


4' high 

X  5'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 

Metal 

Square 

Feet 

Steel 
Pounds 

Portland 

Cement 

Barrels 

Sand 
Cubic 
Yards 

Crushed 
Stone 
Cubic 
Yards 

Second 

Thiid 

20 

4.0 

15.8  • 

140 

88 

21.0 

9.2 

184 

21 

4.2 

16.3 

147 

92 

21.7 

9.6 

19.0 

22 

4.4 

16.8 

154 

95 

22.5 

9.9 

19.7 

23 

4.6 

17.2 

161 

99 

23.1 

10.2 

20.2 

24 

4.7 

17-7 

168 

102 

23.7 

10.5 

20.8 

25 

4.9 

18.2 

175 

los 

24.5* 

10.8 

214 

26 

5.1 

18.7 

182 

109 

25.2 

II.I 

22.1 

27 

5-3 

19.2 

189 

112 

26.0 

".5 

22.7 

28 

5.4 

19.7 

196 

116 

26.6 

II.7 

23.3 

29 

5.6 

20.2 

203 

119 

27.4 

I2.X 

239 

30 

5.8 

20.7 

.    210 

122 

28.1 

124 

24.6 

31 

5-9 

21.2 

217 

126 

28.8 

12.7 

25.1 

32 

6.1 

21.7 

224 

129 

29.5 

13.0 

25.8 

33 

6.3 

22.1 

231 

133 

30.2 

13.3 

26.3 

34 

6.5 

22.6 

238 

136 

30.9 

13.6 

27.0 

35 

6.6 

23.1 

245 

139 

31.S 

13.9 

27.6 

36 

6.8 

23.6 

252 

143 

32.3 

14.2 

28.2 

37 

7.0 

24.1 

259 

146 

33'0 

I4.S 

28.8 

38 

7.2 

24.6 

266 

150 

33.8 

14.9 

29.5 

39 

7.3 

25.1 

273 

153 

34.4 

I5.I 

30.1 

40 

7.5 

25.6 

280 

156 

35.2 

155 

30.7 

41 

7.7 

26.1 

287 

160 

35.9 

15.8 

31.3 

42 

7.8 

26.6 

294 

163 

36.6 

x6.i 

31.9 

43 

8.0 

27.0 

301 

167 

37-2 

164 

32.5 

44 

8.2 

27.5 

308 

170 

38.0 

16.7 

33.1 

45 

8.4 

28.0 

31s 

173 

38.7 

17.0 

33.8 

46 

8.5 

28.5 

322 

177 

39.3 

17.3 

34.3 

47 

8.7 

29.0 

329 

180 

40.1 

17.6 

35.0 

48 

8.9 

29.5 

336 

184 

40.9 

18.0 

35-6 

49 

9.1 

30.0 

343 

187 

41.6 

18.3 

36.3 

SO 

9.2 

30.5 

350 

190 

42.2 

18.6 

36.S 
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Table  67. — Concrete  Culverts. — Continued 


5' high 

X  s'  wide 

Length 
Feet 

Concrete 
Cubic  Yards 

Expanded 

Metal 

Square 

Feet 

St^el 
^Pounds 

Portland 

Cement 

Barrels 

Sand 
Cubic 
Yards 

Crushi 
Stoni 

Second 

Third 

Cubi< 
Yard 

20 

4.0 

19.5 

140 

93 

24.7 

II.O 

2I.i 

21 

4.2 

20.0 

147 

96 

25.5 

".3 

22.5 

22 

4.4 

20.6 

154 

100 

26.3 

11.7 

23.2 

23 

4.6 

21.2 

161 

103 

27.2 

12. 1 

24.2 

24 

4.7 

21.7 

168 

106 

27.8 

12.4 

24.£ 

25 

4.9 

22.3 

175 

1 10 

28.7 

12.7 

25.4 

26 

5.1 

22.9 

182 

"3 

295 

13.1 

26.2 

27 

5.3 

23.4 

189 

117 

303 

13.4 

26.8 

28 

5.4 

24.0 

196 

120 

31.0 

13.8 

27.6 

29 

5.6 

24.6 

203 

123 

31.9 

14.1 

28.2 

30 

5.8 

25.1 

210 

127 

32.6 

14.5 

29.C 

31 

5.9 

25.7 

217 

130 

33.4 

14.8 

29.6 

32 

6.1 

26.2 

224 

134 

34-1 

15.1 

30.2 

33 

6.3 

26.8 

231 

^37 

35.0 

15.5 

3I.C 

34 

6.5 

27.4 

238 

140 

35.8 

15.9 

31.fi 

35 

6.6 

27.9 

245 

144 

36.4 

16.2 

32.4 

36 

6.8 

28.5 

252 

147 

37.3 

16.5 

33.C 

37 

7.0 

29.1 

259 

150 

38.2 

16.9 

33.8 

38 

7.2 

29.6 

266 

154 

38.9 

17.2 

34.4 

39 

7.3  ' 

30.2 

273 

157 

39.6 

17.6 

35.1 

40 

7.5 

30.8 

280 

161 

40.5 

17.9 

35.S 

41 

7.7 

31.3 

287 

164 

41.2 

18.3 

36.S 

42 

7.8 

31.9 

294 

167 

42.0 

18.6 

37.2 

43 

8.0 

32.5 

301 

171 

42.8 

19.0 

37.9 

44 

8.2 

33.0 

308 

174 

43.6 

19.3 

38.e 

45 

8.4 

33.6 

315 

178 

44.4 

19.7 

39.2 

46 

8.5 

34.2 

322 

181 

45.2 

20.0 

40.C 

47 

8.7 

34.7 

329 

184 

45.9 

20.3 

40.( 

48 

8.9 

35.2 

336 

188 

46.7 

20.6 

41.2 

49 

9.1 

35.9 

343 

191 

47.6 

21.0 

42  .c 

50 

9.2 

36.4 

350 

195 

48.3 

21.4 

42.^ 

i 


PART  III 

SPECIFICATIONS 

The  following  clauses  quoted  from  various  sources  are  examples  of 
current  practice.  They  are  not  ideal  but  serve  to  show  the  iKDints  to  be 
considered. 

A  specification  should  be  complete,  concise  and  clear  as  to  the  materials, 
manipulation  and  basis  of  measurement  and  payment.^  In  preparing  a 
specification  it  is  convenient  to  have  a  general  outline  of  points  to  be  covered. 
Such  an  outline  has  been  prepared  by  the  U.  S.  Office  of  Public  Roads  to 
serve  as  a  uniform  basis  for  specifications  for  Federal  Aid  and  is  reproduced 
below.  It  is  in  the  author's  opinion  a  very  good  reminder  of  necessary 
requirements. 

The  usual  size  of  page  used  for  highway  specifications  is  approximately 
BH"  X  ii";  this  is  an  unwieldy  size  for  field  use;  a  size  of  6"  X  9"  is 
much  handier  and  is  about  the  smallest  dimension  feasible  on  account^  of 
space  required  on  the  proposal  bidding  blanks.  ^  Where  much  work  is  being 
done  the  Specifications  proper  can  be  printed  in  pocket  form  4K"X6H" 
and  the  Proposal,  Contract  and  Bond  separately  on  the  usual  8H"Xii" 
size.  This  makes  a  convenient  combination  for  both  the  field  men  and  for 
Office  filing  of  Contract  records. 

Repetitions  should  be  avoided  which  is  helped  by  segregating  the  require- 
ments for  materials  in  one  part  of  the  specification.  Blanks  to  be  filled  out 
by  hand  are  undesirable  and  should  be  reduced  to  a  minimum.  Loose  leaf 
specifications  are  poor  practice.  Printed  bidding  sheets  containing  the 
estimated  quantities  of  work  reduce  possible  complications  in  connection 
with  comparing  bids.  - 

No  attempt  is  made  in  this  book  to  discuss  methods  of  bidding  or  the  legal 
forms  of  contract  as  they  must  conform  to  local  statutes. 
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OUTLINE  699 


UNITED  STATES 
DEPARTMENT  OF  AGRICXJLTURE 

OFFICE  OF  THE  SECRETARY 

STANDARDS 

GOVERNING  THE  FORM  AND  ARRANGEMENT  OF 

SPECIFICATIONS,    AND    ESTIMATES 
FOR  FEDERAL  AID  PROJECTS 

AS  PROVIDED  FOR  IN  THE  RULES  AND  REGULATIONS  OF  TH2. 

SECRETARY  OF  AGRICULTURE  FOR  CARRYING  OUT 

THE  FEDERAL  AID  ROAD  ACT 

(EXCEPT  SECTION  8  THEREOF) 


ISSUED  APRIL  28,  1917 


700  SPECIFICATIONS 


TITLE-PAGE  OR  COVER  FOR  SPECIFI- 
CATIONS, ETC. 


(Note. — The  name  of  the  State  should  appear  at  top  of  the  title-page  in 
bold-faced  caps.) 
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NOTICE  TO  CONTRACTORS 

Time  and  place  of  reoeiving  and  opening  proposals. 

Brief  description  of  proposed  work. 

Place  where  plans  and  specifications  may  be  examined  or  secured,  and 
from  whom  information  may  be  obtained. 

Rights  reserved  to  reject  any  or  all  proposals. 

Any  additional  information  desired. 

NoTB. — The  above  information  should  be  shown  in  the  advertisement  for 
proposals,  and  on  the  "  Notice  to  contractors,"  which  may  be  sent  out  to 
prospective  bidders.  It  may  be  attached  to  the  proposal  if  desired,  should 
the  proposal  be  a  separate  form,  or  may  be  attached  to  or  bound  with  the 
specifications,  immediately  following  the  title-page,  if  the  specifications,  pro- 
posal,  and  contract  are  one  volume. 
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SPECIFICATIONS 
Definition  of  Terms 

DefinUum   of  State,  State  highway  department  or  commission,  engineer, 
contractor,  etc. 

INSTRUCTIONS  TO  BIDDERS 

Interpretation  of  approximate  estimate. 
Statement  regarding  right  of  engineer  to  increase  or  decrease  quantities 
shown  in  proposal. 
Bidders  required  to  examine  the  plans,  specifications,  special  provisions, 
etc.,  and  also  the  site  of  the  proposed  work. 

Bidders'  attention  called  to  necessity  of  being  familiar  with  Federal,  State, 
and  local  laws  affecting  the  work. 

Explanation  of  use  of,  or  contents  of,  proposal  form. 
Instructions  for  filling  in  proposal  form. 
Requirements  regarding  signatures  on  proposals. 
Prohibition  of  alteration,  erasures,  etc.,  on  proposal  forms. 
Bidders'  guaranty  to  accompany  proposals. 
Reference  to  form  of  guaranty  required — Certified  check,  to  whom  paydbk, 
and  amount  indicated  in  proposal  or  percentage  of  contract  required; 
or,    proposal  bond,  form,  amount  indicated  in  proposal,  and  hem 
executed. 
Instructions  for  submitting  or  delivering  proposals. 

Delivery  by  mail  and  deltvery  in  person. 
Statement  that  proposals  may  or  may  not  be  withdrawn. 

In  case  withdrawal  is  allowed,  the  bidder  should  be  obliged  to  file  his  written 
request  not  later  than  the  day  previous  to  the  opening  qf  the  proposals. 
Opening  of  proposals. 

Time  and  place  and  invitation  to  bidders  to  be  present. 
Disqualification  of  bidders. 
No  right  to  submit  more  than  one  proposal;  collusion;  unbalanced  pro- 
posals; failure  to  carry  out  previous  contracts;  and  lack  of  experiena 
and  capital. 
Any  additional  clauses  desired. 

AWARD  AND  EXECUTION  OF  CONTRACT 

Right  reserved  to  reject  any  and  all  proposals  and  to  waive  technicalities. 
Award  of  contract. 

By  whom,  place,  to  whom,  and  when  made. 
Return  of  proposal  guaranty. 

How  and  when  returned. 
Contract  bond  required. 

R^erence  to  form  furnished  by  State  and  to  the  amount  shown  in  proposal 
or  percentage  0/  amount  of  contract  required. 
Execution  of  contract. 

Time  and  place. 
Failure  to  execute  contract. 

Restrictions  relative  to  subletting  or  assigning  contracts. 
Statement  relative  to  use  of  patented  processes,  materials,  or  methods. 

GENERAL  PROVISIONS 

Scope  of  work  to  be  done. 
General   statement  relative  to   Performing  work  and  furnishing  labor, 
equipment,  etc.,  except  as  provided  in  the  **  Special  provisions,"  in 
accordance  with  the  plans,  specifications,  and  contract. 

Necessary  State  and  local  permits  ana  licenses  to  be  secured  by  contractor. 

No  deviation  from  plans,  specifications,  etc.,  by  contractor. 

Interpretation  of  plans,  etc 
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Figured  dimensions  to  govern. 
Special  work. 
Clause  calling  aiteniion  to  special  provisions  for  work  or  special  rehire- 
ments,  noi  covered  by  the  standard  specifications,  designating  in  this 
clause  whether  the  special  provisions  will  he  found  in  the  specifications , 
or  will  he  attached  to  or  bound  with  the  proposal. 
Alteration  of  work. 

Clause  regarding  right  of  engineer  to  alter  plans  or  character  of  work  within 
reasonable  limits. 
Additional  work. 
Provision  referring  to  additional  work  due  to  increase  of  quantities  which 
is  to  he  paid  for  at  contract  unit  prices. 
Extra  work  or  force  account. 

Clause  pertaining  to  work  far  which  no  price  is  named  in  the  proposal 
and  which  is  to  be  paia  for  at  a  price  to  he  agreed  upon  or  on  a  per- 
centage basis,  at  prices  to  be  agreed  upon  for  labor,  rentals,  materials, 
etc.  It  should  be  specificaUy  shown  to  which  items  the  percentage 
applies. 
Unauthorized  work.  __ 

No  payment  made  therefor. 
Prosecution  or  progress  en  the  work. 
Limitation  of  operations. 
Character  of  v  orkmen  and  equipment. 
Cooperation  of  contractor  required. 

Clause  requiring  contractor  to  have  copy  of  plans,  specifications,  etc.,  and 
authorized  representative  to  receive  ana  obey  orders  of  engineer  on 
the  work  at  aU  times. 
Laws  to  be  observed. 
Sanitary  provisions. 

Observance  of  rules  of  boards  cf  health. 
Public  convemence  and  safety. 

Traffic  regulations,  nonobstruction  of  sidewalks,  pre  hydrants,  etc.,  use  of 
barricades,  danger,  warning  and  detour  stgns,  precautions  in  the 
use  of  explosives. 
Preservation  and  restoration  of  public  utilities,  property,  trees,  monu- 
ments, etc. 

To  he  preserved  and  restored  and  made  good  if  damaged  or  injured. 
Contractor's  responsibility  for  damage  to  persons  and  property. 
Contractor's  responsibility  for  damage  to  work. 

Contractor's  responsibilitv  for  sections  or  portions  of  roadway  opened  to 
traffic  prior  to  final  approval  or  acceptance. 

Contractor  required  to  restore  surfaces  opened  by  permit  and  basis  of 
payment  therefor,  also  provision  for  failure  to  restore  surface  openings. 
Tests  of  samples  of  materials. 

Statement  of  where  and  by  whom  tests  wiU  he  made. 
Quality  of  materials. 

Statement  that  materials  shall  maintain  qualities  equal  to  the  requirements 
of  the  specifications,  or  to  approved  samples. 
Storage  of  materials. 
Use  of  materials  found  on  work. 

Statement  relative  to  use  of  any  stone,  gravel,  sand,  etc.,  found  in  excavation. 
Disposal  of  materials,  structtires,  etc..  found  on  work  and  not  used  in  the 
construction. 

Lines,  grades,  and  measurements. 

To  be  given  by  engineer,  and  stakes  and  markings  to  he  preserved  by  con- 
tractor. 
Crown  or  cross-section  of  roadway. 

To  be  as  shownjm  tjfPical  cross-section  and  only  changed  where  drainage  or 
other  amdk^ts  make  it  necessary. 
Aaihanty  niwf  mrftini  trf  assistants,  insi>ector8,  etc.,  and  the  limitations  of 
juch  MSthority  aad  4»ty. 

^Bagjaaaer  smrmtt^^  in  case  of  disputes. 
Jjagpm^tl&v.  of  qwtctrials  and  work. 
£ke£BCtive  materials  and  work. 

Clause  as  to  disposition  thereof. 
i^ure  to  remove  or  renew  defective  materials  or  work. 
Final  cleaning  up. 
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Clause  covering  removal  of  temporary  struaures  and  excess  material  and 
condition  in  which  the  roadway  shall  be  left  upon  completion. 
Suspension  of  work. 

Authority  for,  reasons— fault  of  contractor,  bad  weather,  eU.  ' 
Method  of  computing  the  time  allowance  for  completing  the  work. 
Failure  to  complete  work  on  time. 

Liquidated  damages  to  be  collected. 
Annulment  of  contract. 

Conditions  under  which  contract  may  be  annulled  and  procedure  thereof. 
Measurement  of  quantities. 
Scope  of  payments. 

Statement  that  payments  made  for  all  work  done  shall  befuU  compensation 
for  such  work,  including  all  claims  of  any  character,  and  such  pay- 
ments do  not  constitute  acceptance  of  the  work. 
Partial  payments. 

Method  of  payment. 
Approval  and  final  ^vment  or  acceptance  and  final  payment. 
No  waiver  of  legal  rights. 

Statement   regarding  right  of  State  to  show  true  character  of  estimates 
should  error  be  discovered,  etc. 
Any  additional  clauses  desired. 

CONSTRUCTION  DETAILS 

Excavation  and  Embankment 

Description  of  work  included  under  excavation,  such  as  clearing  and 
grubbing,  excavation  of  roadway,  driveways,  intersections,  ditches,  etc.. 
and  the  makiiur  of  embankments. 
Clearing  and  grubbing. 
Specie  requirements. 
Removal  of  structures,  obstructions,,  etc. 

Specific  requirements. 
Roadway  excavation. 

Specific  requirements. 
Excavation  for  structures. 

Specific  requirements,  including  back  filling. 
Emoankment. 

Specific  requirements. 
Disposal  of  surplus  material. 

Specific  requirements. 
Borrow  excavation. 

Specific  requirements. 
Overhaul  of  excavation. 
Specific  requirements. 
Sub-grade. 

Specific  requirements,  including  preparation,  removal,  and  replacing  of 
defective  material,  protection,  ana  acceptance. 
Shoulders. 

Specific  requirements. 
Method  of  determining  excavation  quantities. 

A  statement  of  how  quantities  shall  be  measured. 
Basis  of  payment. 
Statement  relative  to  compensation  for  excavation  and  its  various  sub- 
divisions, and  whether  compensation  is  made  collectively  or  separately. 
Note. — When  several  similar  types  of  constructions  are  set  forth  in  tiie 
same  set  of  specifications,  such  as  several  kinds  qf  pipe  culverts  or  i>ave* 
ments,  each  ^ould  be  covered  separately  in  acqord^ee  with  the  outlines 
indicated  in  the  following.  ..^T^^", 

SUB-BASE 

Any  broken  stone,  gravel,  or  other  material  used  to  replace  unsuitahU 
sub-grade  material  or  to  support  the  base  course. 
Description. 

Materials.  .  ' 

Construction  methods. 
Basis  of  payment. 
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BASE  COURSES  OR  FOUNDATIONS  FOR  PAVEMENTS 

Base  Coarse 

Insert  name 
Description. 
Materials. 

Stone,  sand,  screenings,  etc. 
Construction  methods. 

Placing,  rolling,  etc. 
Basis  of  payment. 

Repeat  the  same  outline  for  each  kind  of  base  course. 

SURFACE  COURSES  OR  PAVEMENTS 

.  Surface  Course  (or  Pavement) 


Insert  name 

Description. 
Materials. 

Construction  methods. 
Basis  of  payment. 

Repeat  the  same  outline  for  each  kind  of  surfacing. 

CONCRETE 

General  description,  classification*  and  statement  of  forms  of  construction 
in  which  each  class  of  concrete  is  to  be  used. 
Materials. 

Specify  composition  and  materials  far  each  class. 
Construction  methods. 
Basis  of  payment. 

REINFORCEMENT 

Description. 

Describe  each  kind  in  order  with  the  methods  far  placing. 
Basis  of  payment. 

MASONRY 

.  Masonry 


Insert  name 
Description. 
Materials. 

Construction  methods. 
Basis  of  payment. 

Repeat  the  same  outline  for  each  of  the  other  kinds  of  masonry. 

DRAINAGE  STRUCTURES 

Concrete  and  Masonry  Culverts,  End  Walls,  Retaining  Walls,  Catch  Basins, 

Drop  Inlets,  Etc. 

Statement  that  all  concrete  and  masonry  culverts,  end  walls  for  pipe 
culverts,  retaining  walls,  catch  basins,  drop  inlets,  etc.,  shall  be  built  of 
the  class  of  concrete  or  kind  of  masonry  indicated  and  according  to  the 
plans  and  specifications  therefor. 

Basis  of  payment. 

PIPE  CULVERT 


Insert  name 
Description. 
Materials. 

Construction  methods. 
Basis  of  payment. 

Repeat  the  same  outline  for  each  kind  of  pipe  culvert. 
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UNDSRDRAINS 

.  .Underdrains 


Insert  name 
Descnption. 
Matenals. 

Construction  methods. 
Basis  of  payment.- 

Repeat  the  same  outline  for  each  kind  of  underdrain. 

GUTTERS 

Description. 
Matenals. 

Construction  methods. 
Basis  of  payment. 

Repeat  the  same  outline  for  each  kind  of  gutter. 

CURBING 

Description. 
Matenals. 

Constniction  methods. 
Basis  of  payment. 

Repeat  the  same  outline  for  each  kind  of  curb. 

GUARDRAIL  OR  FENCING 

Guardrail 

Insert  name 
Description. 
Materials. 

Constniction  methods. 
Basis  of  payment. 

Repeat  the  same  outline  for  each  kind  of  railing  or  fencing. 


Description. 
Matenals. 

Constniction  methods. 
Basis  of  payment. 


Description. 
Materials. 

Constniction  methods. 
Basis  of  payment. 


Description. 
Matenals. 

Constniction  methods. 
Basis  of  payment. 


MONUMENTS 


RIPRAP 


CRIBBING 


PILING 


Description. 
Matenals. 
Constniction  methods. 
Basis  of  payment. 

STRUCTURAL  STEEL  AND  IRON 

Description. 
Matenals. 
Fabrication. 
Constniction  methods. 
Badis  of  payment. 
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SURFACE  TRBATMBNTS 

Description. 

Materials. 

Methods  of  application. 

Sweeping,  applying,  and  covering. 
Basis  of  payment. 

MISCELLANEOUS  ITEMS 

Items 

Insert  name. 
Description. 
Materials. 

Construction  methods. 
Basis  of  payment. 

Repeat  the  same  outline  for  each  item  desired. 

MATERIAL  DETAILS 

NOTB.— Should  it  be  desired  to  group  the  specifications  for  all  materials, 
they  should  be  inserted  at  this  place  and  appropriate  references  made  thereto 
under  the  various  subdivisions  in  "Construction  details."     The  materials 
should  be  grouped  in  classes  and  placed  in  the  following  order: 
Cementine  materials. 

Portland  cement,  lime,  etc. 
Water. 
Pine  aggregate. 

Filler  dust,  sand,  grit,  etc.,  for  all  purposes. 
Coarse  aggregate. 

Stone,  gravel,  slag,  etc.,  for  all  purposes. 
Telford  and  quarry  stone,  etc. 
Masonry  stone,  etc. 
Paving  brick  and  blocks. 
Bituminous  materials. 
Nonbituminous  binders. 
Culvert  pipes,  drain  tiles,  etc. 

Cast  iron,  corrugated  metal,  concrete,  vitrified  clay,  ^c 
Metal  reinforcement. 

Bars,  mesh,  expanded  metal,  etc. 
Structural  steel. 

Structural  shapes,  fabricated  steel,  etc. 
Miscellaneous  iron  and  steel. 

Castings,  specuU  wrought  work,  etc. 
Treated  timbers. 
Untreated  timbers. 
Paints,  oils,  etc. 
Monuments. 
Miscellaneous  materials. 

Fencing  wire,  cables,  pipe  rail,  etc, 

SPECLIUL  PROVISIONS 

Supplementing  the  specifications  for  the  construction  of 

Gtve  the  identification  of  Proposed  work,  such  as  road  name,  number,  job 

number,  etc. 

Under  this  heading  should  be  placed  such  provisions  or  requirements  as 

pertain  to  the  particular  contract  proposed,  and  are  not  standard  or  common 

to  all  work  for  which  the  gener^  specifications  may  have  been  prepared, 

such  as: 

Materials,  etc.,  fumished#)y  the  State. 
AU  materials,  equipment,  or  other  fctcilities  for  Prosecuting  the   work, 
furnished  by  the  State  to  the  contractor,  should  be  here  listed,  with 
conditions  governing  delivery,  use,  and  return. 
Statement  relative  to  disposal  of  specific  materials  or  structures  found  on 
the  work  and  not  to  be  used  in  the  construction  thereof. 

Note.— Any   "Special   provisions"   should   be   placed   in   this   relative 
position,  forming  a  part  of  the  specificatons.     If  the  proposal  is  separated 
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when  bids  are  invited,  then  the  special  provisiotts 
may  be  bound  with  the  specifications  or  with  the 

eroposal;  but  in  either  case  a  proper  clause  should 
B  inserted  in  the  proposal  calling  the  attention  of 
the  bidder  to  the  fact  that  there  are  certain 
* '  Special  provisions "  which  form  a  part  of  the 
specifications. 

PROPOSAL 

Spaces  for  name  and  address  of  bidder. 

Detailed  description  of  location  of  roadway, 
length  and  width  of  surfacing  or  pavement,  refer- 
ring to  the  plans,  drawings,  specifications,  etc.,  by 
their  titles  and  markings  for  identification. 

Note. — If  this  proposal  form  is  bound  with 
the  specifications  and  contract,  it  should  be 
placed  directly  preceding  the  contract.  If  used 
as  a  separate  form,  the  proposal  may  be  attached 
to  the  contract,  or  a  list  of  quantities  with  spaces 
for  unit  prices  and  amounts  conforming  to  the 
outline  indicated  in  the  proposal  may  be  shown  in 
the  contract  as  a  part  thereof,  to  be  filled  in  at  the 
time  of  its  execution. 

If  the  proposal  bond  form  is  used  in  place  of  the 
certified  check,  it  should  be  attached  to  or  fur- 
nished with  the  proposal  form. 

Address  (as.  To  the  State  Highway  Depart- 
ment"). 

Declaration  of  the  bidder  that  the  only  persons 
or  parties  interested  in  the  proposal  as  principals 
are  those  named  therein;  that  the  proposal  is 
made  without  collusion  with  any  other  person. 
firm,  or  corporation;  that  he  has  carefully  ex- 
amined the  specifications,  including  special  pro- 
visions, if  any,  and  that  he  has  made  a  personal 
examination  of  the  site  of  the  work;  that  he  is  to 
furnish  all  the  necessary  machinery,  tools,  ap- 
paratus, and  other  means  of  construction,  and  oo 
all  the  work  and  furnish  all  the  materials  ^>ecified 
in  the  manner  and  time  prescribed;  that  he 
understands  that  the  quantities  are  approximate 
only  and  subject  to  increase  or  decrease,  and 
the  declaration  of  his  willingness  to  perform 
any  increased  or  decreased  quantiti^  of  work 
at  unit  prices  bid. 

Itemized  proposal  showing  the  approximate 
quantities  with  spaces  for  unit  prices  bid,  as: 

Item   I : cu.  yd.     Excavation  at 

(I        )  per  cu.  yd. 

Note. — In  case  the  above  form  is  used,  it  may 
be  used  either  with  or  without  the  quantities. 
If  used  without  the  quantities,  the  quantities 
should  be  listed  under  the  "Special  provisions.** 

or 

Note. — Spaces  should  be  left  for  filling  in  the 
unit  prices  both  in  words  and  figures,  as  indicated. 
The  items  of  work  should  be  numbered  in  the 
order  and  with  the  same  units  of  measure  shown 
in  the  specifications.  *The  units  of  measure  used 
should  be  as  follows: 

The  cubic  yard  for  all  volumes  except  the  galUm 
for  bituminous  materials  when  not  weighed  and  the 
barrel  for  cement. 

The  square  yard  for  all  surface  m^tsnrements 
except  the  square  foot  for  wire  mesh  or  expanded 
metal. 
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The  foot  fw  linear  measurement. 

The  ton  of  2000  pounds  for  weights  except  the  pound  for  steel  and  casting. 

A  unit  price  each  for  any  item  desired. 

Proposal  to  i)erform  "force  account  or  extra  work." 

Proposal  to  execute  contract  aerreement  and  to  begin  and  complete  work 
on  time. 

State  dates  or  number  of  days  for  beginning  and  completion. 

Proposal  stating  the  amount  of  contract  bond. 

Proposal  for  guaranty  of  work  until  final  completion  and  acceptance. 

Statement  of  inclosure  of  proposal  guaranty,  naming  amount,  and  condi- 
tions of  forfeiture. 

Note  whether  certified  check  or  bond. 

Spaces  for  signatures,  titles,  and  individual  addresses. 


PROPOSAL  BOND 

In  case  a  proposal  bond  is  used  in  lieu  of  a  certified  check,  the  form  therefor 
should  be  cMached  to  or  furnished  with  the  proposal  form. 


COnTItACT 

The  form  of  contract  should  be  as  short  as  consistent  with  legal  require- 
ments. 

The  "Notice  to  contractors,"  "Specifications,"  "Proposal,"  and  "Plans" 
should  be  referred  to  and  made  a  part  of  this  agreement,  and  such  reference 
should  identify  the  specifications,  plans,  drawing,  etc.,  by  their  specific 
markings. 

The  Federal  Government  is  not  to  appear  as  party  to  this  agreement. 


CONTRACT  BOND 


INDEX 

Itemined  index  to  be  placed  at  the  end  of  the  specifications  instead  of  at  this 
point  if  the  foregoing  documents  are  issued  as  separate  pamphlets. 


ESTIMATES 

Estimates  shall  be  made  up  in  accordance  with  the  order  and  units  of 
measure  indicated  in  the  proposal  form. 


^ 
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EXAMPLES  OF  GENERAL  CLAUSES 

The  following  general  clauses  are  quoted  from  the  U.  [S.  Forest  Road 
Specifications. 

SPECIFICATIONS 

^  DEFINITION  OF  TERMS 

In  interpreting  these  specifications,  the  following  definitions  shall 
prevail: 

I.  Secretary. — The  Secretary  of  Agriculture  of  the  United  States. 

a.  Chief  Eiudneer. — Chief  Engineer  of  the  Bureau  of  Public  Roads. 
United  States  Department  of  Agriculture. 

3.  District  Engineer. — District  Engineer  of  the  Bureau  of  Public  Roads, 
in  whose  district  the  improvement  is  located. 

4.  Engineer. — Chief  Bnnneer  of  the  Bureau  of  Public  Roads;  District 
Engineer  of  the  Bureau  of  Public  Roads,  in  whose  district  the  improvement 
is  located;  or  a  representative  of  the  foregoing  duly  authorized  to  supervise 
the  work. 

5.  Inspector. — ^An  authorized  assistant  of  the  engineer,  assigned  to  inspect 
any  feature  of  the  materials  or  workmanship  entering  into  the  improvement 

6., Forest  OfficiaL — A  duly  authorized  representative  of  the  Forest 
Service.  United  States  Department  of  Agriculture. 

7.  Contractor. — The  person,  firm,  partnership,  or  corporation,  con- 
stituting one  of  the  principals  to  the  contract,  undertaking  to  perform  the 
work  herein  specified,  or  any  lawfid  agent  of  such  ];>erson,  mtn,  partnership 
or  corporation. 

8.  Plans. — The  official  approved  plans,  profiles,  cross-sections,  and  other 
drawings,  or  exact  reproductions  thereof,  which  show  the  location,  character. 
dimensions  and  details  of  the  work  to  be  done,  and  which  are  to  be  con- 
sidered in  the  contract  as  coordinate  with  these  specifications. 

9.  Specifications. — The  directions,  provisions  and  requirements  contained 
herein,  together  with  all  written  agreements  made  or  to  be  made,  pertaining 
to  the  method  and  manner  of  pertorming  the  work,  or  to  the  quantities  and 
qualitites  of  materials  to  be  furnished  under  the  contract. 

zo.  Contract. — The  agreement  between  the  Contractor  and  the  Secretary 
of  Agriculture  covering  the  work  to  be  performed,  and  including  the  plans 
and  specifications. 

XX.  Laboratoi^. — The  laboratories  of  the  Bureau  of  Public  Roads  or  other 
laboratories  designated  by  the  Chief  Engineer. 

INSTRUCTIONS  TO  BIDDERS 

Interpretation  of  Agrprozimate  Estimate. — Bidders  are  cautioned  that 
the  estimate  of  quantities  attached  hereto  will  serve,  so  far  as  this  project 
is  concerned,  only  for  the  purpose  of  comparing  bids.  The  basis  of  payment 
on  the  contract  will  be  the  actual  quantites  of  work  performed  in  accordance 
with  the  plans  and  specifications,  and  if,  upon  the  completion  of  the  im- 
provement the  actual  quantities  should  show  either  increase  or  decrease 
from  the  quantities  given  in  the  approximate  estimate,  the  unit  bid  prices 
mentioned  in  the  proposal  will  still  prevail,  except  as  otherwise  provided 
herein. 

Examination  of  Plans,  Specifications  and  Site. — Bidders  are  required 
before  submitting  bids  to  examine  carefully  the  site  of  the  proi)osed  work, 
as  well  as  the  proposal,  plans,  specifications,  and  contract  form  for  the 
improvement  contemplated.  Professions  of  ignorance  regarding  the 
requirements  for  the  work  will  in  no  way  serve  to  modify  the  provisions 
of  the  contract. 

Laws  Affecting  Public  Work. — The  attention  of  bidders  is  called  to  the 
necessity  for  being  familiar  with  the  various  Federal,  State  and  local  iaws. 
affecting  the  length  of  working  days,  employers'  liabilities,  Sunday  work, 
etc.,  etc. 

Proposal  Forms. — In  filling  out  proposal  forms  bidders  shall  be  governed 
by  the  following  provisions: 

I.  Proposals  must  be  made  on  the  blank  form  provided  herewith.     The 
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^Jank  spaces  in  the  proposal  form,  except  as  otherwise  noted,  must  all  be 
ilied  in  correctly  where  indicated  for  each  and  every  item  for  which  a 
luantity  is  given,  and  no  change  shall  be  made  either  in  the  phraseology 
A.  or  the  items  mentioned  in  the  proposal  form. 

2,  Proposals  must  be  signed  in  inJc  by  the  bidder  with  the  signature  in 
uU.  When  a  firm  is  a  bidder,  the  agent  who  signs  the  firm  name  to  the 
>roposal  shall  state,  in  addition,  the  names  and  addresses  of  the  individuals 
»mposing  the  firm.  When  a  corporation  is  a  bidder,  the  person  signing 
or  it  shall  state  under  the  laws  of  what  state  the  corporation  was  chartered 
Ad  the  name,  title,  and  address  of  the  officer  having  authority  under  the 
>y-laws  to  sign  contracts.^  The  proposal  shall  also  bear  the  seal  of  the 
lorporation,  attested  by  its  secretary.  Anyone  signing  the  proposal  as 
igent  must  file  with  it  legal  evidence  of  his  authority  to  do  so.  Post- 
office  address,  county  and  state,  must  be  given  after  the  signature. 

3.^  Proposals  that  contain  any  omission,  erasure,  alteration  of  form, 
iddition,  item  not  called  for  in  the  engineer's  estimate,  conditional  or 
alternate  bids,  or  that  show  irregularities  of  any  land,  may  be  rejected  as 
nformal. 

4.  Bach  proposal  shall  specify  a  unit  bid  price,  written  with  ink  in  both 
vords  and  figures,  for  each  of  the  separate  items  as  called  for,  and  shall  also 
how  the  products  of  the  respective  unit  prices  and  quantities  of  work, 
rritten  in  figures  with  ink,  in  the  column  provided  for  that  purpose.  The 
(TOSS  bid,  or  sum  of  the  various  products,  shall  be  shown,  written  in  ink, 
in  the  line  provided  for  such  gross  bid. 

5.  Any  proposal  which  does  not  contain  prices  set  opposite  each  of  the 
everal  items  for  which  there  is  an  estimated  quantity  in  the  engineer's 
stimate,  or  any  proposal  which  shall  in  any  manner  fail  to  conform  to  the 
onditions  of  the  published  notice  inviting  proposals,  may  be  deemed 
oformal  and  rejected. 

6.  Each  proposal  must  be  accompanied  by  a  money  deposit  in  an  amount 
X  least  equal  to  five  (5)  per  centum  of  the  total  amount  of  the  proposal, 
11  the  form  of  cash,  a  draft,  or  a  certified  check,  issued  by  a  national 
»r  state  bank,  in  good  credit  and  payable  at  sight  to  the  Secretary  of  Agri- 
ulture  of  the  United  States.  Where  a  certified  check  is  used,  it  shall  bear 
he  same  signature  as  the  signature  which  appears  on  the  proposal  which 
uch  check  accompanies. 

7.  Each  proposal  shall  be  placed,  together  with  the  money  deposit,  in  a 
ealed  envelope  so  marked  as  to  indicate  its  contents  without  being  opened. 
Hiis  envelope  shall  then  be  placed  in  another  which  shall  be  sealed,  and 
ddressed  as  indicated  in  the  notice  to  contractors.  Proposals  may  be 
lelivered  either  in  person  or  by  mail. 

8;  A  bidder  may  withdraw  his  proposal,  without  prejudice  to  himself, 
irovided  a  written  request  is  filed  at  the  address  indicated  above  not  later 
han  the  day  before  the  bids  are  to  be  opened. 

9.  Propo^ds  will  be  publicly  opened  and  read  at  the  time  and  place 
aentioned  in  the  notice  to  contractors,  and  bidders  are  invited  to  be  present 
,t  the  opening.  Proposals  received  after  the  time  set  for  the  opening  will  be 
etumed  to  the  bidder  unopened. 

Disqualification  of  Bidders. — The  following  causes  will  be  considered 
ufficient  to  disqualify  any  bidder,  and  no  proposals  from  disqualified  bidders 
rill  be  considered  in  the  award  of  the  contract: 

1.  Interest  by  the  same  persons  in  more  than  one  proposal  for  one  contract. 

2.  Collusion  among  or  between  bidders. 

3.  Unbalanced  proposals;  that  is,  proposals  in  which  the  price  bid  for 
ne  or  more  items  does  not  bear  the  proper  proportion  to  the  total  amount 
»id  to  do  the  whole  of  the  work. 

4.  Lack  of  responsibility  on  the  part  of  bidders.  For  example,  it  is 
vrobable  that  no  bidder  would  be  considered  responsible  who  had  failed  to 
arry  out  any  contract  in  which  the  U.  S.  Department  of  Agriculture  had 
leen  directly  or  indirectly  concerned. 

5.  Lack  of  experience  or  capital  on  the  part  of  bidders.  Evidence  of 
xperience,  ability,  and  financial  standing,  as  well  as  a  statement  regarding 
tlant  and  machinery  available  may  be  required  of  any  or  all  bidders. 

AWARD  AND  EXECUTION  OF  CONTRACT 

Consideration  of  Bids. — After  the  proposals  are  opened  and  read,  the  bid 
trices  will  be  compared  by  the  District  Engineer,  and  the  results  of  such 


712  SPECIFICATIONS 

comparison  will  be  immediately  made  public.  Until  the  final  award  of  tiie 
contract,  however,  the  right  will  be  reserved  to  reject  any  and  all  proposal 
and  to  waive  technical  errors. 

Award  of  Contract — The  award  of  the  contract,  if  it  be  awarded,  will  be 
to  the  lowest  responsible  bidder  whose  proposal  shall  comply  -with  all  it- 
quirements  necessary  to  render  it  form^.  Por  the  purposes  of  award  the 
correct  summation  of  the  products  of  the  approximate  quantities,  herea 
stated,  by  the  unit  bid  pnces  will  be  considered  the  amount  of  the  bid. 
In  no  case  will  an  award  be  made  until  all  necessary  investigations  are  made 
into  the  responsibility  of  the  bidder  to  whom  it  is  proposed  to  award  tbt 
contract. 

Return  of  Proposal  Onaranty. — As  soon  as  the  bid  prices  have  been  com- 
pared, the  District  Engineer  may,  at  his  discretion,  return  the  guaranty 
deposits  accompanying  such  of  the  proposals  as  in  his  judgment  would  not 
be  considered  in  making  the  award.  All  other  proposal  guaranties  will  be 
held  until  the  contract  has  been  awarded,  after  which  they  will  be  returned 
to  the  respective  bidders  whose  proposals  they  accompanied,  with  the 
exception  of  the  bidder  to  whom  award  has  been  made.  After  a  satisfactory 
bond  has  been  furnished  and  the  contract  has  been  approved  and  executed 
by  the  Secretary,  the  proposal  guaranty  which  accompanied  the  sucoessM 
bidder's  proposal  will  be  returned. 

Contract  Bond  Required. — The  bidder  to  whom  the  contract  is  awaided 
wUl  be  required  to  furnish  bond  to  the  amount  of  50  %  of  the  total  contract 
price.  The  bond  shall  be  furnished  by  a  reputable  bonding  company,  and 
shall  be  satisfactory  to  the  Secretary  and  on  the  form  provided  herewith. 

Execution  of  Contract — The  contract  shall  be  signed  by  the  contractor 
and  satisfactory  bond  furnished  within  ten  days  after  he  has  received  notice 
of  award.  In  case  of  failure  on  the  part  of  the  contractor,  to  enter  into 
contract  and  furnish  bond  as  above  required,  the  guaranty  accompanying 
his  proposal  will  be  forfeited  to  the  Umted  States  Treasury.  Award  may 
then  be  made  to  the  next  lowest  responsible  bidder,  the  work  be  readvertised 
or  constructed  by  day  labor  as  the  Secretary  may  decide. 

Subletting  or  Assigning  Contracts. — Award  wiU  be  made  with  the  under< 
standing  that  the  work  awarded  will  be  performed  by  the  contractor  to 
whom  the  award  is  made,  with  the  assistance  of  workmen  under  his  imme- 
diate superintendence,  and  the  contract  shall  not  be  sublet  either  in  whole 
or  in  part  except  with  the  written  consent  of  the  District  Engineer. 

The  Use  of  Patented  Processes,  etc — The  bid  prices  shall  include  sD 
charges  for  the  use  of  patented  processes,  materials  or  methods,  and  for 
all  other  similar  incidental  charges  not  e^^ressly  provided  for  in  tite 
specifications.  . 

GENERAL  PROVISIONS 

Scope  of  the^  Work  to  be  Done. — The  contractor  will  be  required  under 
these  specifications  to  perform  the  following  work: 

I.  To  grade  the  roadway  and  to  bring  the  surface  to  the  lines,  grades  and 
typical  cross-section  shown  on  the  plans  and  to  do  the  work  in  accordance 
with  the  plans  and  specifications. 

3.  To  do  all  clearing  and  grubbing,  ditching,  grading,  shaping,  surfactx^ 
and  compacting;  to  make  all  excavations  and  embankments;  to  construct 
all  paving,  masonry,  stone  and  timber  work;  to  build  all  waterways,  drains, 
ditches,  bridges,  and  culverts;  and  to  clear  away  all  rubbish  which  raaj 
obstruct  the  roadway.^  ditches  or  waterways,  whether  such  obstructioai 
result  from  his  operations  or  otherwise.  In  short,  the  contractor  will  be 
required  to  furnish  all  materials,  implements  and  labor  necessary,  and  to 
build  and  put  in  perfect  condition  for  use  the  entire  roadway  with  ah  appe^ 
taining  structures,  and  shall  leave  the  roadway  and  adjoining  property  ia 
neat  condition  and  free  from  rubbish  or  other  waste  materials. 

3.  To  start  the  improvement  at  the  part  of  the  road  designated  by  tke 
engineer,  and  to  conduct  and  complete  the  work  in  accordance  with  tte 
plans  and  specifications  as  interpreted  by  the  District  Engineer.  The  unit 
prices  mentioned  in  the  proposal  shall  cover  the  cost  of  aU  materials  and 
labor,  except  as  otherwise  herein  provided. 

Permits  and  Licenses. — Such  permits,  licenses,  insurance  policies,  etc 
as  Federal,  State  or  local  laws  necessitate  in  conducting  the  work,  tth^n  be 
provided  by  the  contractor  at  his  own  expense. 

Interpretation  of  Plans  and  Speciflcations. — The  contractor  shall  not 
deviate  from  the  plans  and  specifications  in  any  particular  without  the 


GENERAL  CLAUSES  713 

Nmtten  authority  of  the  District  Engineer.  In  case  of  discrepancy  between 
^he  plans  and  specifications,  the  plans  shall  govern,  and  in  case  of  discrep- 
uicies  on  the  plans  between  figured  dimensions  and  scale,  the  figures  shall 
jovern. 

Alterations.— The  District  Engineer  shall  have  the  right  to  make  such 
reasonable  alteratioas  in  the  plans  and  specifications  as  in  his  judgment  are 
necessary  and  desirable,  and  such  alterations  will  not  invalidate  the  contract. 
Reasonable  alterations  will  be  construed  to  mean  alterations  in  the  quantity 
Location  or  extent  of  the  work  covered  by  the  various  items  of  the  bid,  but 
will  not  be  construed  to  cover  any  alterations  in  the  general  character  of 
the  contract. 

All  orders  making  alterations  in  the  plans  and  specifications  shall  be  given 
by  the  District  Engineer  to  the  contractor  in  writing.  Alteration  work 
done  by  the  contractor  without  such  written  orders,  except  in  cases  of 
emergency,  and  acknowledged  as  such  by  the  District  Engineer,  will  be 
at  the  contractor's  own  expense  and  will  not  be  paid  for  under  his  contract 
for  this  work. 

The  final  adjustment  covering  increases,  decreases  or  eliminations  caused 
by  alterations  will  be  made  on  the  basis  of  the  unit  price  bid  for  the  item  or 
items  concerned  and  no  allowance  will  be  made  on  account  of  any  claim 
Cor  loss  ofprofit  due  to  the  alteration. 

Bxtra  Work.— « Alterations  or  changes  in  the  plans  and  specifications  and 
new  or  unforeseen  items  of  work  shall  be  classed  as  extra  work  when  they ' 
can  not  be  covered  by  any  of  the  various  items  or  combination  of  items  for 
inrhich  there  is  a  bid  price. 

'The  contractor  shall  furnish  such  labor,  teams,  equipment,  supplies  and 
materials  as  are  necessary  and  perform  such  extra  work  as  may  be  ordered 
in  writing  by  the  District  Engineer  whenever  necessary  for  the  proper 
completion  or  construction  of  the  whole  work  herein  contemplated:  and  he 
shall  make  no  claim  for  extra  work  unless  it  shall  have  been  done  in  ooedience 
to  such  written  order. 

The  contractor  shall  receive  for  such  extra  work  the  actual  cost  of  all 
supplies  and  materials,  including  freight,  furnished  by  hidi,  as  shown  by  his 
paui  vouchers,  and  a  reasonable  rental  charge  previously  agreed  to  in  writing 
between  the  engineer  and  the  contractor  for  the  use  of  special  equipment  or 
machinery,  such  as  steam  rollers,  steam  shovels,  concrete  mixers,  etc., 
required  for  the  economical  performance  of  the  work;  for  such  labor  and 
teams  as  are  necessary  he  shall  receive  the  current  prices  in  the  locality, 
-which  shall  have  been  previously  agreed  to  in  writing  by  the  engineer  and 
by  the  contractor,  plus  15%  of  the  cost  of  such  labor  ^and  teams  which  shall 
be  considered  as  full  compensation  for  general  supervision  and  the  furnishing 
of  small  tools  and  ordinary  equipment  used  on  the  contract,  such  as  plows, 
Fresnos,  wa^ns,  n^ders,  etc. 

Unauthorized  work. — No  payment  will  be  made  for  work  not  required 
by  the  plans  and  specifications  or  authorized  in  writing  by  the  District 
Engineer. 

ihrogress  ci  the  Work. — The  contractor  shall  begin  work  within  ten  days 
after  receiving  notice  that  the  contract  has  been  signed  by  the  Secretary 
of  Agriculture  unless  consent  to  begin  at  a  later  date  is  given  in  writing  by 
the  said  Secretary,  and  shall  so  prosecute  the  work  that  the  work  done 
shall  at  all  times  bear  approximately  the  same  proportion  to  the  total  of 
the  work  required  to  be  done  under  the  contact  that  the  time  elapsed  since 
the  date  upon  which  the  work  should  have  been  begun  bears  to  the  total  time 
allowed  by  the  contract  in  which  to  do  the  whole  of  the  work.  Failure  to 
comply  with  this  requirement  may  result  in  the  annulment  of  the  contract 
as  hereinafter  provided. 

limitation  ol  Operations.— -The  contractor  shall  so  conduct  his  operations 
as  to  have  under  construction  no  greater  len^^h  or  amount  of  work  than  he 
can  prosecute  vigorously,  and  when  in  the  judgment  of  the  engineer  such 
operations  are  being  so  spread  out  as  to  be  detrimental  to  such  vigorous 
prosecution,  thereby  endangering^  completion  of  the  improvement  within 
the  contract  time,  he  shall  so  advise  the  contractor  in  writing. 

Character  of  Workmen  and  Equipment. — All  workmen  and  equipment 
provided  by  the  contractor  shall  be  the  best  available  for  the  kind  of  work 
being  performed.  Any  person  employed  by  the  contractor,  whom  the 
engineer  may  deem  incompetent  or  unfit  to  perform  the  work  or  who  conducts 
himself  in  a  disorderly  manner,  shall,  upon  the  written  instructions  of  the 
engineer,  be  discharged,  and  such  person  shall  not  be  again  employed  on 
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the  work.  Failure  by  the  contractor  to  provide  adequate  eqtiipmeat  or 
workmen  may  result  in  annulment  ol  the  contract  as  hereinafter  provided. 

Cooperation  of  Contractor  Required. — The  contract9r  shall  keep  a  copy 
of  the  plans  and  specifications  on  the  work  at  all  times.  He  shall  aJso 
remain  on  the  work  or  provide  an  authorised  representative  to  receive  and 
carry  out  the  instructions  of  the  engineer.  He  shall  provide  all  reasonable 
facihties  to  enable  the  engineer  and  inspectors  to  inspect  the  workman* 
ship  and  materials  entering  into  the  work,  and  shall  cooperate  in  the  matter 
of  setting  and  preserving  stakes,  benchmarks,  etc.,  for  controlling:  the  work. 

Laws  to  be  Observed.— In  prosecuting  the  work,  the  contractor  shall 
exercise  care  to  see  that  all  laws  are  observed,  both  by  himself  and  his  em- 

Sloyees.  He  shall  also  observe  the  rules  and  regulations  of  the  United 
tates  Forest  Service  and  the  rules  of  the  Board  of  Health,  and  shaU  take 
aU  reasonable  steps  to  insure  proper  sanitation  in  connection  with  all  <d 
his  activities. 

Public  Convenience  and  Safety. — In  conducting  the  work  the  contractor 
shall  interfere  as  little  as  possible  with  public  traffic.  He  shall  establish 
barricades  and  danger  and  detour  signs  wherever  reouired  by  law  or  necessary 
for  the  safety  or  convenience  of  the  public.  He  shall  exercise  especial  pre- 
cautions in  the  storag^e  and  use  of  explosives  to  warn  away  the  public  as 
well  as  to  safeguard  his  employees. 

l^eservation  of  Property. — The  contractor  shaU  preserve  from  dama^ie  aU 
property  along  the  line  of  the  work,  the  removal  or  destruction  of  which  is 
not  called  for  by  the  plans.  This  applies  to  public  utilities,  trees,  monu- 
ments, fences,  etc.,  and  wherever  such  property  is  damaged  due  to  the 
activities  of  the  contractor,  it  shall  be  immediately  restored  to  its  origisal 
condition  bv  the  contractor  and  at  his  own  expense. 

Responsibility  in  Case  of  Damage  to  Persons  or  Property. — The  respon- 
sibility for  all  damages  to  persons  or  property  arising  out  of  or  on  account 
of  work  done  under  this  contract,  shall  rest  upon  the  contractor,  and  he 
shall  save  the  United  States  harmless  from  all  claims  made  on  account  of 
such  damages. 

Responsibili^  for  Damage  to  Work. — Anv  damage  to  the  work  before  it  is 
finally  accepted,  whether  such  damage  is  due  to  ordinary  or  extraordinary 
causes,  shall  be  at  once  repaired  by  the  contractor;  except  where  a  sectioa 
or  portion  of  road  is  opened  to  public  traffic,  with  the  approval  of  the  eno- 
neer,  before  final  acceptance,  the  contractor  will  not  be  expected  to  man 
good  the  ordinary  wear  due  to  traffic,  provided  no  inherent  defects  in  the 
work  are  disclosed;  but  this  exception  will  not  serve  to  release  the  coo- 
tractor  from  responsibility  for  damage  caused  by  storms,  or  otherwise, 
except  as  noted,  to  sections  of  road  that  have  been  opened  to  trafiSc. 

Testing  Materials.— -Tests  of  materials  to  be  used  in  the  work  shall  be 
made  in  the  laboratorv  designated  in  the  "Definition  of  Terms"  whenever 
such  tests  are  required  by  the  specifications  or  by  the  engineer.  The  con- 
tractor shall  affonl  such  facilities  as  the  engineer  may  require  for  collecting 
and  forwarding  samples  of  materials  to  be  tested  as  atK>ve  required,  ^ra 
unless  otherwise  directed  in  writing  by  the  engineer,  the  contractor  shall  not 
use  in  the  work  the  materials  represented  by  the  said  samples  until  he  has 
received  written  notice  from  the  engineer  that  he  may  do  so. 

Materials  may  be  rejected  by  tne  engineer  whenever,  in  his  judgment, 
they  fail  to  meet  the  requirements  of  the  specifications,  and  when  so  rejected 
they  shall  be  immediately  removed  from  the  work  and  disposed  of  as  here* 
inafter  specified. 

Storage  of  Materials. — All  materials  intended  for  use  in  the  work  shaO 
be  so  stored  by  the  contractor  as  to  prevent  damage  from  exposure  to  the 
elements,  admixture  of  foreign  material,  or  from  any  other  cause.  The 
engineer  will  refuse  to  accept,  or  to  sample  for  testing,  any  materials  that 
are  improperly  stored. 

Use  of  Materials  Fotind  on  Work. — In  the  absence  of  special  provisioo 
to  the  contrary,  any  stone,  gravel,  sand,  etc.,  that  may  occur  in  excavations 
oi>ened  in  grading  the  road,  and  may  not  be  needed  to  make  the  fills  shown 
on  the  i>lans,  any  timber,  except  as  herein  otherwise  provided,  that  wooU 
necessarily  be  removed  in  making  the  improvement,  or  any  existing  struc- 
tures that  are  to  be  replaced,  may  be  used  by  the  contractor,  provided. 
and  to  the  extent,  that  these  materials  are  suitable  for  and  required  in  the 
work.  Materials  found  on  the  work,  especially  timber  and  easting  struc- 
tures, and  necessarily  removed,  but  not  used  by  the  contractor  as  provided 
above,  shall  be  put  into  shape  to  be  handled  economically  and  neatly  pikd 
along  the  right-of-way,  as  herein  provided  or  as  the  engineer  may  dinct. 
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Lines,  Gfades  and  Measurements. — The  contractor  will  be  governed  by 
such  lines,  grades  and  measurements  as  may  be  ^ven  by  the  engineer  in 
laying  out  the  work  and  by  the  engineer's  aetenmnation  of  the  quantities 
of  work  performed.  Stakes  and  markings  set  or  made  by  the  engineer 
to  mark  out  the  work,  shall  be  scrupulously  preserved  lay  the  contractor. 
In  case  the  activities  of  the  contractor  or  his  employees  result  in  the  destruc- 
tion of  such  stakes  or  markings,  an  amount  equal  to  the  cost  of  replacing 
same  will  be  deducted  from  subsequent  estimates  due  the  contractor  when- 
ever in  the  opinion  of  the  engineer  such  destruction  is  due  to  the  neglect  or 
carelessness  of  the  contractor  or  his  employees. 

Crown  or  Cross-section  of  Roadway. — The  typical  cross-section  contained 
in  the  plans  shall  be  implicitly  followed  as  regards  the  crown  or  cross-section 
of  the  roadway  except,  that  where  considerations  of  drainage  or  other  special 
conditions  make  it  necessary  or  desirable  to  change  the  shape  of  the  surface, 
or  otherwise  alter  the  shape  of  the  cross-section,  the  engineer  may  alter  this 
feature  of  the  work  to  fit  the  conditions.  Such  an  alteration,  however,  will 
not  be  considered  as  extra  work. 

Authority  and  Duties  of  Insjtectors. — The  District  Engineer  ma^  appoint 
inspectors  to  inspect  all  materials  used  and  all  work  done.  Such  inspection 
may  extend  to  all  or  any  part  of  the  work  and  to  the  preparation  or  manu- 
facture of  tht  materials  to  be  used.  The  inspectors  will  not  be  authorized 
to  revoke,  alter,  enlarge,  or  relax  the  provisions  of  these  specifications. 
An  inspector  is  placed  on  the  work  to  keep  the  engineer  informed  as  to  the 
progress  of  the  work  and  the  manner  in  which  it  is  being  done,  also  to  call 
the^  attention  of  the  contractor  to  any  infringements  upon  plans  or  specifi- 
cations. He  will  not  be  authorized  to  approve  or  accept  any  portion  of 
the  work  or  to  issue  instructions  contrary  to  the  plana-  and  specifications. 
The  inspector  will  have  authority  to  reject  defective  material  and  to  suspend 
any  work  that  is  being  improperly  done,  subject  to  the  final  decision  of 
the  engineer. 

The  inspector  will  exercise  such  additional  authority,  only  as  may  fxx>m 
time  to  time  be  especially  delefi»kted  to  him  by  jthe  engineer. 

Inspection  of  Iftaterials  and  work. — The  engineer  and  his  inspectors  shall 
have  free  access  to  all  parts  of  the  work  and  to  all  materials  intended  for 
tise  in  the  work,  and  oe  given  authority  by  the  contractor  to  inspect  the 
manufacture  of  such  aaaterials  in  the  factories.  Materials  will  be  inspected 
and  passed  upon  as  promptly  as  practicable  after  they  are*  delivered  on  the 
work,  and  none  shall  be  used  m  the  work  until  after  approved  by  the  engineer. 
The  work  will  be  inspected  as  it  progresses,  but  failure  to  reject  or  condemn 
defective  work  at  the  time  it  is  done  will  in  no  way  prevent  its  rejection 
whenever  it  is  discovered  before  the  road  is  finally  accepted,  approved,  and 
paid  for. 

Defective  materials  or  work  shall  be  removed  from  the  site  of  the  work 
and  disposed  of  immediately  after  they  are  rejected.  The  disposition  to 
be  made  of  defective  materials  shall  in  all  cases  be  such  that  the  engineer 
can  always  satisfy  himself  that  each  parcel  or  lot  of  such  material  has  been 
disposed  of  as  claimed  by  the  contractor. 

Upon  the  failure  of  the  contractor  to  remove  and  properly  dispose  of 
rejected  material  or  work  immediately  after  receiving  formal  notice,  the 
engineer  shall  employ  labor  and  remove  such  material  or  work,  and  charge 
the  cost  of  same  to  the  contractor  and  deduct  it  from  his  next  estimate. 

Final  Cleaning  TJp. — ^When  the  work  is  completed  the  right-of-way, 
borrow  pits,  and  all  ground  occupied  by  the  contractor  in  connection  with 
the  work  shall  be  cleared  of  all  rubbish,  excess  materials,  temporary  struc- 
tures and  equipment,  and  all  parts  of  the  work  shall  be  left  in  a  neat  and 
presentable  condition. 

Suspension  of  Work.^The  engineer  shall  have  authority  to  suspend  the 
work  on  account  of  (i)  Default  of  the  contractor;  ([a)  Unfavorable  weather 
conditions;  and  (3)  Any  other  condition  which,  in  the  judgment  of  the 
engineer,  makes  it  impracticable  to  secure  first-class  results.  The  con- 
tractor shall  immediately  respect  the  written  order  of  the  engineer  to  suspend 
work  wholly  or  on  any  particular  section  of  the  road.  If  it  becomes  necessary 
to  stop  the  work  for  a  protracted  period  the  contractor  shaU  open  proper 
drainage  ditches:  erect  temporary  structures  where  necessary,  prepare  the 
road  so  there  will  be  a  minimum  of  interference  with  traffic,  ana  take  every 
precaution  to  prevent  any  damage  or  unreasonable  deterioration  of  the 
work  during  the  time  it  is  closed  down.  If  upon  reopening  the  work  any 
damage  or  deterioration  has  occurred  due  to  negligence  on  the  contractor's 
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part  then  he  shall  correct  all  such  conditions  at  his  own  expense.  In  case 
of  failure  on  the  part  of  the  contractor  to  carry  out  the  provision  of  this 
section,  the  engineer  shall  do  the  necessary  work  and  deduct  the  coet  of 
the  same  from  any  moneys  due  or  to  become  due  the  contractor,  dedacting 
it  from  the  next  estimate. 

Time  of  Comidetion. — The  engineer  shall  determine  the  weather  urorking 
dajrs  and  based  thereon  he  shall  compute  the  date  of  completion.  Weather 
working  days  shall  be  considered  as  days  or  parts  of  days  when,  in  the 
judgment  of  the  engineer,  it  is  practicable  for  the  contractor  to  prosecute 
his  work.  Sundays,  and  legal  holidays  being  excepted. 

Should  the  contractor.f  ail  to  complete  the  work  within  the  time  allowance 
mentioned  in  the  notice  to  contractors,  and  as  determined  herein,  the 
engineer  will  upon  the  arrival  of  the  date  of  completion  so  notify  the  con- 
tractor and  thereafter  keep  a  record  of  overtime  and  deduct  from  any 
moneys  due  or  coming  due  to  the  contractor,  as  determined  by  the  eninneer^ 
estimates,  an  amount  equal  to  the  cost  of  maintaining  the  necessary  force 
of  engineers  and  inspectors  on  the  work  during  the  additional  time  necessary 
because  of  the  contractor's  delay,  and  this  amount  shall  be  considered  as 
reasonable  liquidated  damages  due  the  United  States  by  the  contractor  for 
his  failure  to  nave  finished  the  work  within  the  time  agreed. 

Annulment  of  Contract.— 'The  contract  of  which  these  specifications  form 
a  part  may  be  annulled  by  the  Secretary  of  Agriculture  for  any  one  of  the 
following  reasons: 

1.  Substantial  evidence  that  the  progress  being  made  by  the  contractor  Is 
insufficient  to  complete  the  work  within  the  specified  time. 

2.  Failure  on  the  i>art  of  the  contractor  to  observe  the  requirements  of  these 
specifications. 

3.  Failure  on  the  part  of  the  contractor  promptly  to  make  good  any 
defects  in  materials  or  workmanship  that  may  be  pointed  out  to  him  by 
the  engineer. 

Before  the  contract  is  annulled,  the  contractor  and  his  bondsmen  will  first 
be  notified  in  writing  by  the  District  Engineer  of  the  conditions  which  make 
annulment  of  the  contract  imminent.  Twenty  days  after  this  notice  is 
mailed  to  the  address  given  in  the  proposal,  if  in  the  judgment  of  the  District 
Engineer  no  effective  effort  has  been  made  by  the  contractor  or  his  bonds- 
men to  correct  the  condition  complained  of.  the  Secretary  may  declare  the 
contract  annulled,  and  notify  the  contractor  and  his  bondsmen  accordingly. 

Upon  receipt  of  a  notice  from  the  Secretary  of  Agriculture  that  the  con- 
tract has  been  annulled,  the  contractor  shall  immediately  discontinue  all 
operations.  The  Secretary  of  Agriculture  may  then  proceed  with  the  work, 
in  any  lawful  manner  that  he  may  elect,  until  it  is  finally  completed. 

When  the  work  which  was  covered  by  the  contract  is  thus  finally  com- 

f>leted,  the  total  cost  of  the  same  will  be  computed.  If  this  total  cost  is 
ess  than  the  contract  price,  any  money  due  the  contractor  will  be  paid  to 
him.  If  the  total  cost  is  greater  than  the  contract  price,  the  difference  shall 
be  paid  either  by  the  contractor  or  his  bondsmen. 

Measurement  of  Quantities. — The  determination  of  the  quantities  of 
work  performed  will  oe  made  by  the  engineer  and  based  on  measurements 
taken  by  him  or  his  assistants.  In  computing  volumes  the  method  of 
average  end  areas  will  be  used  for  excavation  and  embankment.  Other 
quantities  will  be  computed  in  the  units  used  in  the  proposal  form,  according 
to  well  recognized  engineering  principle,  and  no  local  rules  or  customs  will 
be  considered. 

Payments. — Payments  for  each  kind  of  work  except  as  otherwise  pro- 
vided herein  will  be  made  on  the  basis  specified  for  that  pi^icular  item. 
and  at  the  rate  mentioned  in  the  proposal.  Payment  of  the  amount  com- 
puted on  this  basis  and  rate  shall  be  payment  in  full  for  the  work  done 
including  all  claims  of  every  character.  No  payments,  however,  shall 
constitute  an  acceptance  of  the  work. 

Partial  payments  will  be  made  monthly,  provided  the  work  is  progressing 
to  the  satisfaction  of  the  engineer.  The  total  amount  of  such  payments 
at  any  time  before  final  completion  shall  not  exceed  85  %  of  the  vuue  of  the 
work  done,  as  estimated  by  the  engineer;  and  in  estimating  the  value  of 
the  work  done  no  materials  that  have  been  delivered  but  not  used  in  com- 
pleted work  shall  be  included. 

Whenever  the  work  provided  for  by  the  contract  shall  have  been  com- 
pletely performed  on  the  part  of  the  contractor,  and  all  parts  of  the  work 
nave  been  approved  by  the  District  Engineer,  a  final  estimate  showing 
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the  value  of  the  work  done  will  be  prepared  by  the  engineer  as  soon  as  the 
necessary  measurements  may  be  made.  The  amount  of  this  estimate, 
less  any  sums  that  may  have  been  deducted  in  accordance  with  the  provisions 
of  the  contract,  and  less  all  previous  payments,  will  be  paid  to  the  contractor 
within  thirty  days  after  the  final  estimate  has  been  approved  by  the  Chief 
Bngineer. 

^  No  Waiver  of  Legal  Rights. — The  United  States  Government  reserves  the 
right,  should  an  error  be  discovered  in  the  estimate,  or  conclusive  proofs 
of  dishonesty  on  the  part  of  the  contractor,  discovered  in  the  work,  after 
the  final  payment  has  been  made,  to  claim  and  recover  by  process  of  law, 
such  sums  as  may  be  sufficient  to  correct  the  error  or  make  good  the  defects 
in  the  work  resulting  from  the  contractor's  dishonesty. 

SAMPLE  CLAUSES  COVERING  MATERIALS  AND  MANIPULATION 

The  following  sample  clauses  covering  materials-  and  manipulation  are 
quoted  from  various  sources. 

MATERIALS 

(New  York  Statb  Specifications,  19 14) 

Materials  of  Construction 

All  materials  proposed  to  be  used  in  construction  shall  have  due  examina- 
tion  and  pass  all  required  tests  before  acceptance.  Those  which  are  to  be 
tested  by  the  Bureau  of  Tests  at  Albany  shall  have  samples  taken  and 
submitted  in  accordance  with  the  commission's  instructions  to  its  em- 
ployees. Samples  are  to  be  taken  of  all  sand,  gravel,  cement,  concrete, 
bituminous  material,  stone,  and  all  other  pavement  ingredients,  of  which 
the  engineer  in  charge  has  not  been  notified  that  satisfactory  samples  have 
already  been  taken.  None  of  this  material  is  to  be  used  until  the  written 
notification  of  acceptance  is  received  by  the  engineer  in  charge  of  the  con- 
tract, and  then  only  so  long  as  its  quality  remains  equal  to  that  of  the 
accepted  sample. 

Portland  Cement 

0.1.  All  the  cement  used  in  the  work  shall  be  true  Portland  cement  of 
well-known  brands  which  have  been  in. successful  use  on  large  engineering 
works  in  America  for  not  less  than  two' years  and  which  are  manufactured 
at  works  which  have-  been  in  successful  operation  for  at  least  one  year. 

0.2.  Tests  will  be  made  as  follows:  first,  for  fineness;  second,  for  con- 
stancy of  volume {  third,  for  time  of  setting;  fourth,  for  tensile  strength; 
fifth,  for  composition  by  chemical  tests;  sixth,  for  specific  gravity. 

The  average  result  of  the  separate  samples  shall  be  the  test  for  tensile 
strength  of  any  lot.  The  samples  of  each  lot  shall  be  required  to  show 
uniform  results  in  tests.  Marked  deviations  from  sudi  results  may  be 
considered  cause  for  rejection,  even  though  test  requirements  may  be 
otherwise  fulfilled. 

The  results  of  the  tests  may  be  expected  in  la  days  afer  shipment  of 
samples. 

Cement  not  satisfactory  in  the  7-day  tests  will  be  held  awaiting  the 
result  of  the  28-day  tests  before  acceptance  or  rejection. 

0.3.  The    cement    shall    meet    the    following    requirements: 

It  shall  be  ground  to  such  fineness,  that  not  less  than  92  %  by  weight  shall 
pass  through  a  No.  100  standard  sieve  of  10,000  meshes  per  square  inch, 
and  not  less  than  75  %  by  weight  shall  pass  through  a  No.  200  standard  sieve 
of  40,000  meshes  per  square  inch. 

0.4.  Pats  of  neat  cement  about  3  inches  by  4  inches  in  size,  ^  inch  thick 
at  the  center,  and  tapering  to  a  thin  edge,  shall  be  kept  in  moist  air  for  a 
period  of  24  hours. 

Normal  Tests 

Air  Test:  One  of  these  pats  is  then  kept  in  air  at  normal  temperature 
for  28  days. 

Water  Test:  Another  pat  is  kept  in  water  maintained  as  near  70  degrees 
Fahrenheit  as  practical  for  28  days. 

Accelerated  Test:  A  pat  is  exposed  in  any  convenient  way  in  an  atmos- 
phere of  steam,  above  boiling  water,  in  a  loosely  closed  vessel  for  5  hours. 

These  pats  are  observed  at  intervals  and,  to  satisfactorily  pass  the  re- 
qtiirements,  shall  remain  firm  and  hard  and  show  no  signs  of  distortion, 
checking,  cracking  or  disintegration. 
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0.5.  Cement  shall  not  develop  its  initial  set  in  less  than  30  minutes, 
and  shall  develop  a  hard  set  in  not  less  than  60  minutes  nor  more  than  600 
minutes,  the  determination  being  made  with  the  Vicat  needle  apparatus 
from  pastes  of  normal  consistency,  as  follows: 

The  paste  is  molded  upon  a  ifutss  in  a  conical  hard  rubber  mold  4  centi- 
meters nigh;  this  cake  is  to  set  m  moist  air  and  a  Vicat  needle  with  a  wire 
I  miUimeter  in  diameter  and  loaded  to  300  grammes  shall  be  placed  upon 
it.  When  the  needle  ceases  to  pass  a  point  5  millimeters  above  the  upper 
surface  of  the  glass  plate  the  initial  set  has  taken  place. 

0.6.  Briquettes  ox  neat  cement  mixed  i  minute,  in  an  air  temperature 
between  65  and  70  degrees  Pi^renheit  and  using  water  of  about  the  same  tem> 
perature.  and  put  into  the  molds  with  fingers  and  trowel  and  kept  in  moist  air 
at  this  temperature  for  z  day  of  24  hours,  shall  show  an  average  tensile 
stren^h  of  one  hundred  and  seventv-five  (175)  pounds  per  square  inch. 

Briquettes  of  neat  cement  mixed  and  molded  as  above  and  kept  under 
above  temperature  for  i  day  in  moist  air  and  6  days  in  water  shall  show 
an  average  tensile  strength  of  at  least  five  hundred  (500)  pounds  x>er  square 
inch. 

Briquettes  of  neat  cement,  mixed  and  molded  .as  above  and  kept  under 
above  temperature  for  z  day  in  moist  air 'and  37  days  in  water  shall  show  an 
average  tensile  strength  of  six  hundred  (600)  pounds  per  square  inch. 

Briquettes  of  3  parts  by  weight  of  standard  Ottawa  sand  and  z  part  by 
weight  of  cement,  mixed  in  the  same  manner  as  above  and  kept  7  days 
under  the  same  conditions,  shall  show  an  average  tensile  strength  of  at  least 
two  hundr^  pounds  (200)  per  square  inch. 

Briquettes  of  sand  and  cement  mixed  and  molded  as  above  and  kept 
under  above  conditions  for  28  days  shall  show  an  average  tensile  strength  of 
at  least  two  hundred  and  seventy-five  (275)  pounds  per  square  inch. 

In  the  above  tests  for  tensile  strength  the  briquettes  must  not  show 
any  retrogression  in  strength  within  the  periods  specified. 

0.7.  The  Commission  of  Highways  may  cause  chemical  tests,  or  analyses, 
of  cement  to  be  made,  and  may  reject  any  cement  which  shows  anv  adultera- 
tion, or  excess  of  ingredients,  which  in  its  judgment  would  be  detrimental 
to  the  work. 

The  cement  shall  not  contain  more  than  i.TS  %  of  anhydrous  sulphuric 
acid  (SOs)  nor  more  than  4%  of  magnesia  (MgO). 

0.8.  The  specific  gravity  of  the  cement  after  ignition  to  a  low  zed  heat 
shall  not  be  less  than  3*10;  and  the  cement  shall  not  show  a  loss  in  weight 
on  ignition  of  more  than  4  %. 

0.9.  The  standard  sand  used  in  the  tests  shall  be  natural  sand  from 
Ottawa,  111.,  screened  to  pass  a  No.  20  standard  sieve  of  400  meshes  per 
square  inch  and  be  retained  on  a  No.  30  standard  sieve  of  $)00  meshes  per 
square  inch. 

Water  for  Concrete 

Water  for  concrete  must  be  clean  and  pure,  free  from  silt  or  animal  or 
vegetable  wastes;  it  must  not  be  oily  or  show  either  a  strong  add  or  alkaline 
reaction  when  tested  with  litmus  pai>er.  (It  ought  to  be  fit  to  drink.  A 
practical  test  is  to  requirfe  the  contractor  to  drink  it  instead  of  beer.  This 
last  clause  is  suggested  by  the  Prohibition  element.) 

Fine  Aggregate  for  Concrete 

o.io.  Fine  aggregate  shall  consist  of  sand  free  from  organic  matter; 
that  which  shows  a  coating  on  the  grains  shall  not  be  used  imtilsatisfactorilT 
washed.     Sand  shall  be  classified  as  No.  i,  No.  2  and  No.  3,  and  Grout  Sand. 

No.  z  Sand 

o.ii.  No.  I  sand  shall  be  of  the  following  gradation:  100  %  shall  pass  s 
)^-inch  screen,  not  more  than  20  %  shall  pass  a  No.  50  sieve;  and  not  more 
than  6  %  shall  pass  a  No.  zoo  sieve.  In  special  cases  where  more  than  20  % 
of  a  sand  passes  a  No.  50  sieve  and  the  sand  is  well  graded  to  give  alow 
percentage  of  voids,  written  permission  for  use  of  the  sand  may  be  given  hf 
the  first  deputy  commissioner.  Sand  may  be  rejected  for  this  class  if 
it  contains  more,  than  5  %  of  loam  and  silt. 

0.12.  Mortar  in  the  proportion  of  z  part  of  cement  to  3  parts  of  the  sand 
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to  be  tested  shall  develop  a  compressive  strength  at  least  equal  to  the 
strength  of  a  similar  mortar  of  the  same  age  composed  of  the  same  cement 
and  standard  Ottawa  sand. 

No.  2  Sand 

0.13.  No.  2  sand  shall  fulfill  all  of  the  requirements  for  No.  i  sand  except 
that  restrictions  on  the  percentage  that  'will  pass  a  No.  50  and  No.  100 
sieve  shall  be  governed  by  the  compressive  strength  of  the  mortar.  The 
compressive  strength  of  the  mortar  shall  be  at  least  equal  to  that  obtained 
with  the  standard  Ottawa  sand. 

No.  3  Sand 

0.14.  Sand  may  be  rejected  for  this  class  if  it  contains  more  than  8  % 
of  I6am  and  silt.  Mortar  in  the  proportion  of  i  part  of  cement  to  3  parts 
of  the  sand  when  tested  shall  develop  a  compressive  strength  of  at  least  80  % 
of  the  strength  of  a  similar  mortar  of  the  same  age  composed  of  the  same 
cement  and  standard  Ottawa  sand. 

Screenings 

0«i5.  Screenings  shall  not  be  used  as  fine  agfn*egate  except  to  the  extent 
and  under  the  restrictions  given  below.  The  division  engineer  shall  submit 
samples  to  the  Bureau  of  Tests;  they  must  pass  the  required  tests;  their 
tise  must  be  approved  in  writing  by  the  First  Deputy  Commissioner. 

0.16.  Screenings  may  be  substituted  for  a  portion  of  the  No.  i,  2  and  3 
sand  under  the  following  conditions: 

The  screenings  shall  be  free  from  dust  coating  and  other  dirt.  One 
hundred  per  cent,  sh^  jpass  a  K  ii^cb  screen  and  not  more  than  6  %  shall 
pass  a  No.  100  sieve.  The  compressive  strength  of  a  mortar  in  which  the 
screenings  and  sand  are  in  the  proportions  intended  for  use,  shall  be  at  least 
eqtiai  to  the  standard  strength  obtained  with  sand  of  the  given  class. 

Grout  Sand 

0.17.  Grout  sand  shall  be  a  sand  of  which  100  %  passes  a  No.  20  sieve,  and 
not  over  30  %  a  No.  100  sieve.  Sand  may  be  rejected  for  this  class  if  it 
contains  more  than  5  %  of  loam  and  silt.  The  grains  shall  be  free  from 
coating. 

Mortar  in  the  proportion  of  i  part  of  cement  to  3  parts  of  the  sand  shall 
develop  a  compressive  strength  of  at  least  40  %  of  the  strength  of  a  similar 
mortar  of  the  same  age  composed  of  the  same  cement  and  standard  Ottawa 
sand. 

Cushion  Sand 

0.18.  Cushion  sand  shall  be  a  sand  of  which  100  %  passes  a  No.  6  sieve 
and  90  %  passes  a  No.  20  sieve;  an  excessively  fine  sand  will  not  be  accepted 
in  this  class.  Sand  may  be  rejected  for  this  class  if  it  contains  more  than 
10  %  of  loam  and  silt. 

Coarse  Aggregate  for  Concrete 

Stonb 

©.19.  Crushed  stone  for  concrete  shall  be  of  hard,  durable  stone,  tested 
by  the  Bureau  of  Tests  and  satisfactory  to  the  engineer.  Stone  for  concrete 
shall  be  of  an  approved  kind  and  quality  of  rock  and  shall  be  free,  before 
being  crushed,  from  soil,  mud  and  dust.  Crushed  stone  for  first-class  con- 
crete shall  be  in  fragments  that  will  pass  through  a  i>^-inch  circular  hole 
and  that  will  not  pass  through  a  K-mch  square  hole.  Crushed  st9ne  for 
second-class  or  third-class  concrete  shall  be  in  fragments  that  will  pass 
through  a  2>i-inch  circular  hole  and  that  will  not  pass  through  a  K-inch 
square  hole. 
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Gravel 

o.ao.  Gravel  shall  not  be  used  in  concrete  except  when  it  has  been  sub- 
mitted by  the  Division  Engineer  to  the  Bureau  of  Tests,  has  been  approved 
by  the  Bureau  of  Tests,  and  its  use  has  been  approved  by  the  First  Deputy 
Commissioner  in  writing; — ^and  then  only  under  the  restrictions  given  below. 

0.31.  Gravel  for  use  m  concrete  pavement  and  first-class  concrete  shall 
be  composed  of  hard,  durable  stone  absolutely  clean  and  free  ^Y>m  coating. 
No  gravel  will  be  accei>ted  that  contains  any  disint^n'ated  or  soft  stone  or 
shale.  Gravel  containing  any  flat  stone  shall  not  be  permitted.  Gravel 
for  use  in  second  and  third  class  concrete  shall  be  composed  of  a  sound, 
durable  stone.  It  shall  be  clean  and  free  from  coating.  It  shall  not  contain 
more  than  lo  %  of  soft  stone  or  shale.  Gravel  containing  a  larger  percentage 
of  flat  stone  shall  not  be  permitted. 

0.33.  Gravel  for  first-class  concrete  shall  be  in  particles  that  'will  pass 
through  a  i^-inch  circular  hole  and  that  will  not  pass  through  a  ^-mch 
square  hole.  Gravel  for  second  and  third-class  concrete  shall  be  in  particles 
that  will  pass  through  a  3^-inch  circular  hole  and  that  will  not  pass  through 
a  ^-inch  square  hole. 

0.23.  Gravel  mixed  with  mud,  clay,  dirt  or  quicksand  shall  be  washed 
to  the  satisfaction  of  the  engineer.  Run  of  bank  gravel  shall  not  be  per- 
mitted. All  gravel  shall  be  properly  screened  and  the  coarse  and  fine 
aggregate  regularly  proportioned  thereafter. 

0.34.  All  coarse  aggregate  used  for  concrete  shall  be  uniformly  graded 
from  the  minimum  to  the  maximum  sizes  of  stone  or  gravel  specified  above 
for  the  several  types  of  concrete,  thus  producing  an  aggregate  in  which  the 
voids  will  be  a  minimum. 

Stone,  Gravel,  etc.,  for  Pavements 

0.35.  The  sizes  of  all  stone,  gravel,  etc.,  used  under  these  specifications 
shall  be  determined  by  the  size  of  screen  aperture  through  which  the  stone 
will  pass  when  revolved  in  a  rotary  screen.  They  shall  be  designated  as 
follows:  ' 

Diameter  of  Aperture 
Min.  Max. 

^-inch  square Screenings 

J^i-inch  square  ^-inch  circular No.  i 

^-inch  circular  iVi-inch  circular No.  2 

i^-inch  circular  3^-inch  circular No.  3 

3^-inch  circular  3^-inch  circular No.  4 

0.36.  Gravel  shall  consist  of  clean,  spund,  tough  hard  stone.  Gravd 
shall  be  separated  into  five  grades  or  sizes  by  means  of  a  rotary  screen 
having  openings  as  si>ecified  above  for  broken  stone.  All  the  general  speci- 
fications given  below  relating  to  broken  stone  shall  apply  to  gravel,  ezce^- 
ing  that  gravel  may  contain  not  more  than  5  %  of  loam,  but  must  otherwise 
be  free  from  dirt  or  foreign  matter  and  shall  be  washed  if  so  directed  by  the 
engineer. 

0.27.  Broken  slag  shall  be  approved  acid  slag,  clean,  sound,  tough,  hard, 
sharp  angled  and  weigh  not  less  than  1800  pounds  per  cubic  yard.  If 
specified  tor  use,  it  shall  conform  to  all  the  general  requirements  for  broken 
stone  as  specified  below. 

0.38.  Broken  stone  shall  be  clean  and  sharp  angled,  shall  pass  the  standard 
tests  for  abrasion  and  toughness  as  adopted  by  the  American  Society  for 
Testing  Materials,  and  shall  be  approved  by  the  Bureau  of  Tests  and 
acceptable  to  the  engineer  before  being  used. 

0.39.  Field  stones,  boulders,  or  fence  stones  which  are  crushed  for  macadam 
purposes  shall  be  6  or  more  inches  in  diameter,  if  consisting  of  rounded 
cobbles.  If  of  the  flat  variety,  the  minimum  thickness  shall  be  2  inches, 
which  latter  requirement  will  also  apply  to  laminated  quarry  stone. 

0.30.  If  after  trial  it  is  found  that  partially  developed  quarries,  ledges  or 
other  sources  of  supply  do  not  furnish  a  uniform  product,  or  if,  for  any 
reason,  the  product  from  any  source,  at  any  time,  proves  to  be  unsatisfactory 
to  the  engineer,  said  engineer  may  require  the  contractor  to  fumibsh  stone 
from  other  sources  of  supply,  and  the  contractor  shall  have  no  claim  for 
increased  payment  on  account  of  such  requirement. 
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0.31.  The  contractor  shall  furnish  one  or  more  stone  crushing  plants  of 
type,  composition,  and  capacity  satisfactory  to  the  engineer.  The  rotary 
screens  shall  be  provided  with  openings  of  size  and  shape  given  under 
"Stone  Sizes,"  unless  otherwise  ordered  by  the  engineer.  They  must  be  of 
sufficient  length  and  have  the  proper  pitch  and  speed  of  revolution  to  ac- 
complish complete  sei>aration  of  the  sizes  noted. 

All  crushing  plants  installed  on  the  work  shall  be  fitted  up  with  a  tailing 
chute  so  that  no  stone  will  reach  the  bins  other  than  that  which  passes 
through  the  proper  screen. 

0.32.  All  stone  must  be  of  the  required  size  when  placed  in  the  roadway. 
and  no  breaking  up  of  stone  hy  hammers  or  otherwise  will  be  permittea 
after  the  stone  has  been  placed  m  the  work. 

0.33*  In  no  case  shall  anv  constituent  of  macadam  pavement  be  dumped 
into  place  in  ma^;  the  final  placing  shall  be  by  shovef  or  by  thin  spreading 
such  that  no  appreciable  fall  occurs. 

Filler  or  Binder.— ^The  filler  for  the  bottom  course  shall  be  clean,  coarse 
sand  or  stone  screenings  supplemented  by  product  of  the  crusher  not  other- 
wise used  in  top  or  bottom  courses.  The  filler  and  wearing  surface  for  the 
top  course  shall  be  of  top  course  stone  screenings  and  when  bituminous 
binder  is  used  screenings  must  be  dry,  free  from  dust,  and  not  larger  than 
will  pass  a  ^-inch  screen. 

BITUMIirOUS  MATERIALS 

Methods  of  Testing  Bituminous  Materials  in  the 
Laboratory  of  the  Commission 

Preparing  Lalxtfatory  Samples. — Each  laboratory  sample  is  usually 
composed  of  several  samples  that  have  been  taken  to  represent  one  lot  of 
material.  The  material  in  the  separate  samples  is  examined,  and,  if  uniform 
in  appearance,  equal  amotuits  are  taken  from  each  and  thoroughly  blended 
to  form  a  sample  of  about  one-half  pint  on  which  the  complete  analysis  is  run. 

In  case  of  mineral  bitumen,  the  sample  received  is  thrown  on  a  large 
piece  of  paper,  pieces  which  are  evidently  foreign  to  the  material  are  rejected, 
and  the  whole  quartered  down"  to  a  sample  of  about  300  grams.  This  is 
ground  in  a  mortar  and  the  analysis  run  on  this  part  of  the  original  sample. 

Water  Present. — The  presence  of  water  in  an  oil,  asphalt,  or  tar  is  deter- 
mined by  putting  about  40  grams  of  the  material  into  a  deep,  seamless 
^-ounce  tin  box,  a  thermometer  being  suspended  in  the  material.  This 
is  then  heated  to  dbout  230^P.  without  stirring.  If  water  is  present,  even 
in  very  small  quantities,  the  material  will  froth  when  heated  to  about  3i2'*F. 
The  per  cent,  of  water  present  is  determined  by  heating  20  grams  of  the 
material  in  a  2-ounce  seamless  tin  box  in  an  oven  maintained  at  a  tempera- 
ture of  2i2**P.  for  an  hour.  The  per  cent,  of  water  in  mineral  bitumen  is 
determined  in  a  similar  manner.  The  loss  in  weight,  while  not  absolutely 
correct,  is  considered  as  moisture. 

Homogeneity. — The  homogeneity  of  the  mixture  is  shown  by  its  general 
appearance  at  a  temperature  of  77*^.  when  in  a  melted  condition  and  when 
examined  under  the  microscope. 

OttLvity, — The  gravity  is  determined  by  taking  a  small  test  tube  about 
^  of  an  inch  bv  3^  inches,  which  is  accuratelv  weighed  (weight  A).  The 
tube  is  then  fillea  with  distilled  water  at  jj'^F.  and  weighed  (weight  B). 
To  get  the  gravity  of  the  oil,  asphalt,  or  tar  the  tube  is  filled  with  the  material, 
cooled  to  a  temperature  of  77  P.,  cut  off  level  with  the  top,  and  weighed 

C  —  A 

(weight  C).    The  gravity  is  determined  as  follows:  p  __  .     ■■  gravity. 

Penetration. — The  penetration  test  is  made  by  putting  the  material  to 
be  tested  in  a  3-ounce  deep,  seamless  tin  box.  Melting  the  material  at  the 
lowest  possible  temperature,  cooling  in  air  and  then  placing  the  material 
in  a  bath,  for  one  hour,  maintained  at  the  temperature  at  which  the  test 
is  to  be  made.^  The  penetration  is  the  distance  expressed  in  hundredths  of  a 
centimeter  which  a  standard  needle  under  a  stated  load,  and  at  a  stated  tem- 
perature, wiU  penetrate  into  the  material.  The  factors  usuallv  employed 
are  a  No.  2  sewing  needle,  loaded  with  100  grams,  applied  for  five  seconds 
at  a  temperature  of  77*P« 

Residue  Having  a  Penetration  of  xo.  Millimeters. — This  test  is  made  as 
follows:  50  grams  of  the  oil  are  placed  in  a  3-ounce  deep,  seamless  tin  box, 
the  box  placed  in  a  sand  bath  and  heated  over  a  Bunsen  Burner.    A  ther- 
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xnometer  is  suspended  in  the  oil,  the  bulb  not  touching  the  bottom  of  the  box. 
The  temperature  of  the  oil  is  kept  at  from  480**?.  to  500 **P.  and  the  oil  is 
stirred  from  time  to  time  with  the  thermometer  to  prevent  overheating 
in  any  pcut.  Depending  upon  the  nature  of  the  oil,  as  usually  indicated 
by  its  flash,  consistency  at  77*'P*  and  gravity,  the  operator  can  tell  about 
what  per  cent,  it  will  be  necessary  to  evaporate  before  cooling  and  taking  & 
penetration  as  described  under  the  test  for  penetration.  It  is  sometimes 
necessary  to  make  several  trials  before  the  desired  result  is  obtained.  When 
the  required  penetration  is  reached,  the  residue  left  from  evaporation  is 
weighed  and  its  per  cent,  of  the  original  sample  taken  is  computcsd. 

Ductility. — The  ductility  of  an  asphalt  cement  or  bitumen  is  determined 
by  the  distance  in  centimeters  that  a  briquette  of  the  material  will  draw 
out  before  breaking.  The  briquette  of  the  asphalt  cement  is  molded  in  a 
Dow  briquette  mold  having  a^  central  cross-section  i  centimeter  square  a 
3-square  centimeter  cross-section  at  mouth  of  clips,  and  a  distance  of  3 
centimeters  between  clips.  The  moldixig  of  the  briquette  is  done  as  follows: 
The  mold  is  placed  on  a  brass  plate.  ^  To  prevent  the  asphalt  cement  from 
adhering  to  this  plate  and  the  inner  sides  of  the  two  pieces  of  the  mold,  they 
shall  be  well  amalgamated.  The  asphalt  cement  to  be  tested  is  poured 
into  the  mold  while  in  a  molten  state,  a  slight  excess  being  added  to  aUow 
for  shrinkage  on  cooling.  After  the  asphalt  cement  is  nearly  cooled,  liie 
briquette  is  smoothed  off  level  by  means  of ^  a  hot  spatula.  When  it  is 
thoroughly  cooled  to  the  temiierature  at  which  it  is  desired  to  make  the 
test,  the  clamp  and  the  two  side-pieces  are  removed,  leaving  the  briquette 
of  asphalt  cement  held  at  each  end  by  the  ends  of  the  mold  which  serve 
as  clips.  The  test  is  made  by  pulling  the  two  clips^  apart  at  a  uniform 
rate  of  5  centimeters  per  minute  by  means  of  hooks  inserted  in  the  eyes, 
until  rupture  occurs.  ^The  briquette  is  kept  in  water  at  77**P.  for  at  least 
30  minutes  before  testing,  and  the  test  is  performed  while  the  briquette  is 
so  immersed  in  the  water  at  the  above  temperature,  and  at  no  time  is  the 
temperature  (of  the  water  allowed  to  vary  more  than  half  a  degree  from 
the  standard  temperature. 

Toughness. — The  bitumen  is  heated  until  liquid;  it  is  then  poured  into  an 
amalgamated  brass  mold  of  such  shape  as  to  give  a  cylinder  of  the  bitumen 
i^i  inches  in  height  by  iK  inches  in  diameter.  After  cooling,  the  noold  is 
removed  and  the  cylinder  of  bitumen  is  placed  in  a  mixture  of  finely  crushed 
ice  and  water,  giving  a  temperature  of  zero  degrees  centigrade.  After  re- 
maining jn  the  freezing  mixture  for  about  three  hours  the  cylinders  are  broben 
in  a  Pagfe  impact  machine  (the  standard  machine  of  the  American  Society 
for  Testing  Materials  for  determining  the  toughness  of  macadam  stone). 
When  the  cylinder  to  be  broken  is  placed  in  the  impact  machine  a  piece  ol 
linen  doth  about  one  inch  square  is  placed  on  the  end  on  which  the  plunger 
rests.  ^  This  prevents  the  plunger  from  sticking  to  the  bitumen  and  makes 
it  easier  to  clean  the^  machine.  In  making  the  test,  the  first  drop  of  the 
hammer  is  from  a  height  of  five  centimeters,  and  for  each  succeeding  blow 
the  height  of  the  drop  is  increased  five  centimeters.  The  height  from  which 
the  hammer  falls  when  rupture  occurs  is  given  as  the  toughness  of  the 
material. 

Melting  Point  of  Bitumen. — The  melting  or  softening  point  of  bitumen  is 
determined  by  filling  a  ring  H  inch  in  diameter  by  K  mch  in  depth,  with 
the  bitumen  to  be  tested.  After  cooling,  the  bitumen  is  cut  off  level  with 
the  top  of  the  ring.  The  ring  containing  the  bitumen  is  placed  in  water  at 
41**?.  for  30  minutes  before  making  the  test.  In  performing  the  test  the 
ring  is  put  in  a  support  so  placed  that  the  bottom  of  the  ring  is  i  inch  above 
the  bottom  of  an  800  cc.  beaker.  On  the  center  of  the  bitumen  in  the  ring, 
is  placed  a  ^^-inch  steel  ball,  a  thermometer  being  placed  with  its  bulb  on  a 
level  with  the  ring  containingM^he  bitumen.  The  beaker  is  nearly  filled  with 
water  at  a  temperature  of  ai^.  and  the  temperature  raised  at  the  rate  of  8"P. 
to  io°P.  per  minute.  Tne  temperature  recorded  by  the  thermometer  at 
the  time  the  ball  touches  the  bottom  of  the  beaker  is  taken  as  the  melting 
point  of  the  bitumen. 

Evaporation. — Fifty  grams  of  the  material  are  weighed  into  a  flat-bottomed 
dish  2^e  iQ>  in  diameter  by  iH  in.  in  depth.  Tnis  is  placed  in  an  oven 
maintained  at  a  uniform  temperature  of  325  "P.  for  a  period  of  five  hours. 
At  the  end  of  this  period  the  loss  in  weight  or  per  cent,  of  loss  is  found  by 
reweighing. 

Plash. — About  40  grams  of  the  material  to  be  tested  are  placed  in  a  > 
ounce  deep,  seamless  tin  box.     The  box  containing  the  material  is  placed 
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on  a  sand  bath  over  a  Bunsen  Burner,  the  bulb  of  a  thermometer  being 
placed  in  the  material,  but  so  adjusted  as  not  to  touch  the  bottom  of  the  box. 
The  flame  of  the  Bunsen  burner  is  so  adjusted  that  the  temperature  of  the 
material  being  tested  is  raised  at  the  rate  of  io°P.  to  I5**F.  per  minute.  As 
soon  as  vapors  are  seen  coming  off,  the  small  flame  from  a  capillary  tube  is 
passed  over  the  center  of  the  liquid  and  about  K  inch  above  it,  and  repeated 
for  about  every  S**F.  rise  in  temperature  until  tne  slight  explosion  indicates 
the  flash-point  is  reached.  The  temperature  at  this  point  is  recorded  as 
the  open  flash-point  of  the  material  being  tested. 

Total  Bitumen. — The  solubility  in  C  St  is  found  by  weighing  approximately 
I  gram  of  the  material  into  an  Erlenmeyer  flask,  adding  50  cc.  of  C  St  and 
allowing  the  solvent  to  act  12  hours  at  laboratory  temperature,  care  being 
taken  to  break  up  all  lumps  before  filtering.  The  filtration  is  made  through 
a  C.  S.  &  S.  p-centimeter  filter  paper  No.  589.  The  papers  are  first  dried, 
and  weighed  immediately  before  using.  The  filtration  is  made  in  a  valve 
funnel,  a  watch  glass  being  placed  on  the  funnel  to  prevent  evaporation  of 
the  solvent.  ^  After  washing  until  washings  come  clean,  the  filter  and  residue 
are  placed  in  an  oven  at  sia'^F.  for  30  minutes,  cooled  in  a  desiccator  and 
weighed.  The  difference  in  weight  gives  the  amount  of  material  insoluble 
in  C  St  from  which  the  per  cent,  of  soluble  bitumen  is  computed. 

The  total  bitumen  in  mineral  bitumen  is  determined  by  weighing  about 
25  grams  of  the  dried  material  into  a  dried  and  weighed  C.  S.  &  S.  extraction 
cartridge  and  extracting  in  a  continuous  extraction  apparatus,  using  C  St  for 
a  solvent;  drying;  and  weighing  after  extraction  is  completed.  The  loss  gives 
the  amount  of  bitumen  soluble  in  C  52. 

Carbon  Tetrachloride  Solubility. — This  test  is  made  in  the  same  manner 
as  determining  the  bitumen  soluble  C  5s,  except  that  C  C  /4  is  used  as  solvent. 

Naphtha  *  Solubili^.  The  amount  of  material  soluble  in  76**  naphtha 
(boiling  point  140 "P.  to  190 "P.)  is  found  by  the  same  method  that  is  used 
in  getting  the  amount  soluble  in  C  St,  except  that  naphtha  is  used  for  a 
solvent  in  place  of  C  52.  The  character  of  the  filtrate  is  determined  by 
placing  about  10  cc.  of  the  filtrate  in  the  tin  covers  of  the  2-ounce  boxes 
used  in  making  the  heating  tests  and  allowing  the  filtrate  to  evaporate. 
The  residue  is  noted  to  be  sticky  or  oily  by  rubbing  between  the  fingers. 

Water  Soluble  Materials. — Water  soluble  materials  in  tar  are  determined 
by  weighing  about  2  grams  into  a  casserole,  adding  so  cc.  of  distilled  water, 
and  boiling  for  i  hour.  The  solution  is  then  filtered  into  a  weighted  porcelain 
evaporating  dish,  using  hot  distilled  water  for  a  wash  and  evaporated  to 
dryness  on  a  steam  bath.  The  weight  at  the  evaporating  dish  and  contents 
after  drying  to  a  constant  weight  at  2i2**P.,  less  the  weight  of  the  dish  itself, 
gives  the  amount  of  water  soluble  materials  in  the  tar,  from  which  the  per 
cent,  may  be  calculated. 

Free  Carbon. — The' free  ccurbon  in  tar  is  determined  by  extraction  at  room 
temperature  with  C  5s.^  In  extraction  C  52  is  used  in  the  same  manner  as 
xnaking  the  determination  for  the  amount  of  bitumen  soluble  in  C  St  in 
asphalts.  Determination  as  to  whether  extraction  is  complete  is  made  by 
placing  some  of  the  carbon  on  white  porcelain,  moistening  it  with  C  52,  and 
if  the  porcelain  is  stained  the  extraction  is  not  complete,  and  the  carbon 
requires  more  washing. 

ParaflSne. — Fifty  grams  of  the  material  are  placed  in  a  half-pint  retort, 
E.  &  A.  No.  4521,  fitted  with  a  tee  condenser.  To  the  20-inch  iron  delivery 
tube  of  the  retort  is  attached  a  lo-inch  glass  tube,  and  between  the  cover  and 
the  retort  is  placed  a  paper  gasket  cut  from  heavy  wrapping-paper.  The 
material  is  rapidly  distilled  to  a  dry  coke  from  which  no  further  distillate 
can  be  obtained,  not  over  25  minutes  being  allowed  from  the  time  of  placing 
flame  under  retort  until  distillation  ceases.  About  5  grams  of  the  distillate 
are  taken  if  the  materials  contain  2  per  cent,  or  less  of  parafi&ne  and  about 
3  grams  if  the  material  contains  over  2  per  cent,  of  parafiine.  This  amount 
of  distillate  is  dissolved  in  25  cc.  of  Squibbs  Absolute  Ether  in  a  2-ounce 
glass  flask,  after  which  25  cc.  of  Squibbs  Absolute  Alcohol  are  added.  A 
one-to-one  wash  of  25  cc.  each  of  similar  ether  and  alcohol  is  made  up,  and 
the  solution  of  oil  and  the  wash  are  then  frozen  separately  for  40  minutes  in 
a  salt  and  ice  mixture,  giving  a  temperature  of  o**P.  The  precipitate  is 
filtered  quickly  by  means  of  a  suction  pump  by  using  a  No.  575  C.  S.  &  S. 
9«centimeter  hardened  filter-paper;  the  paper  being jplaced  in  a  funnel  packed 
in  a  freezing  mixture  of  salt  and  ice.  The  paramne  caught  on  the  filter- 
paper  is  washed  with  the  cool  one-to-one  wash  until  the  parafiine  is  white. 
The  parafiBne  is  then  scraped  into  a  weighted  crystallizing  dish  and  main* 
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tained  at  a  tempefature  of  3i2*P.  until  a  constant  weight  is  obtainicd.  after 
which  it  is  weighed  and  the  percentage  of  paraffine  in  the  original  material 
is  computed  by  dividing  the  weight  of  the  paraffine  obtained  by  the  number 
of  grams  of  distillate  taken  for  freezing,  and  multiply  this  result  by  the  per- 
centage distilled  from  the  original  sample  {i.e.t  by  lOO  p^  cent,  less  wei^t 
of  coke  expressed  in  percentage).  The  paraffine  so  determined  to  have  a 
melting  point  of  at  least  I30^. 

The  melting-point  of  paraffine  is  determined  by  covering  the  bulb  of  a 
thermometer  with  the  paraffine;  suspending  the  thermometer  in  a  beaker 
of  water  at  65*P.,  and  heating  the  water  at  the  rate  of  8**  to  lo'^P.  per 
minute.  The  temperature  recorded  by  the  thermometer  at  the  time  the 
paraffine  melts  from  the  bulb  is  taken  as  the  melting-point  of  the  paraffine. 

Distillation  of  Tar. — The  distillation  test  of  tar  is  made  by  measuriog 
lOo  cubic  centimeters  of  the  tar  into  a  asp  cc.  Bugler  distilling  flask  with 
delivery  tube  at  the  middle  of  the  neck.  The  thermometer  is  so  placed  that 
the  mercury  bulb  is  opposite  the  outlet  of  the  flask.^  The  thermometer  u^ 
to  have  a  nitrogen  chamber  to  insure  accurate  reading  at  high  temperatures. 
The  flame  is  so  regulated  that  approximately  i  cc.  of  distillate  is  caught  per 
minute.     The  distillation  is  made  continuous. 

The  following  fractions  should  be  reported: 


Start  of  distillation  to  iio'*C. 
iio'C.  •*  170X. 
i7o'C.  •*  23S'C. 
23S'C.  •'  270'C. 
370*0.  "  300X, 
Residue  (pitch) 


Fixed  Carbon  and  Mineral  Matter. — The  fixed  carbon  is  determined  by 
weighing  approximately  i  gram  of  the  material  into  a  weighed  platinum 
crucible  with  a  tightly  fitting  cover.  The  crucible,  with  its  cover  in  place, 
is  then  placed  about  4  inches  over  a  freely  burning  Bunsen  burner  so  as  to 
be  completdy  enveloped  in  the  flame  and  exposed  to  the  fuU  heat  of  the 
burner  for  about  3  minutes  or  until  the  top  ox  the  crucible  cover  is  burned 
free  from  the  carbon;  the  under  side  of  the  cover  being  covered  with  the 
carbon.  The  flame  is  then  withdrawn,  the  crucible  cooled  and  weighed. 
The  weight  after  burning,  less  the  weight  of  the  crucible,  gives  the  amount 
of  fixed  carbon  plus  the  mineral  matter.  The  fixed  carbon  is  then  burned 
off  in  the  open  crucible  until  a  constant  weight  is  obtained;  the  crudt^ 
cooled  and  weighed.  This  weight  is  the  crucible  plus  the  nuneral  matter. 
The  mineral  matter  subtracted  from  the  combined  weight  of  fixed  carbon 
and  mineral  matter  gives  the  fixed  carbon. 

Items  64  to  74  Inclusive — Bitttminoos  Materials 

64.1.  Under  items  64  to  74  inclusive  the  Contractor  shall  furnish'  and 
deliver  on  the  work  at  such  points  as  the  Engineer  may  direct,  bituminous 
material  of  the  kind  shown  on  the  proposal  sheet  as  to  be  furnished  under 
its  respective  item. 

6^.2.  Bituminous  material  furnished  shall  be  of  approved  quality  and 
shall  meet  the  requirements  specified  below  for  the  kind  of  material  furnished, 
and  for  any  contract,  the  material  furnished  shall  be  of  one  brand  and  shall 
show  a  uniform  test  unless  special  permission  is  given  to  furnish  other  brands 
of  material. 

64.3.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of 
gallons  delivered  on  the  work,  unless  the  material  is  to  be  incorporated  in 
the  work  by  the  same  Contractor,  and  under  the  same  contract. 

If  the  material  is  to  be  incorporated  in  the  work  by  the  same  Contractor, 
and  under  the  same  contract,  the  quantity  to  be  paid  for  under  this  item 
shall  be  the  number  of  gallons  incor];>oratea  in  the  work  under  directions  of 
the  Engineer. 

Bituminous  material  that  has  been  rendered  unfit  for  use  by  overheating 
or  by  long-continued  heating,  shall  not  be  paid  for.  For  purposes  of  meas- 
urement, a  gallon  shall  be  a  volume  of  231  cubic  inches  and  measurement 
shall  be  based  on  the  volume  of  the  bituminous  material  of  a  temperature 
of  60  degrees  Fahrenheit.  ^  - 

The  price  bid  when  the  material  is  not  to  be  incorporated  in  the  work 
under  this  contract,  shall  include  the  furnishing  of  the  material  along  the 
road  as  directed  by  the  Engineer.  Any  material  wasted  throxigh  careless 
handling  will  not  be  paid  for. 
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The  price  bid  shall  include  the  furnishing  of  the  bituminous  material 
alongsiae  the  road  at  places  designated  by  the  Engineer.  ^  Where  the  material 
delivered  is  to  be  incorporated  into  the  work  under  this  contract,  the  cost 
of  manipulating  and  incorporating  this  material  shall  be  included  in  the 
price  bidfpr  the  top  course  of  the  pavement  being  constructed. 


price  bid  jpr  t 


->  ^Item  64 — Spedficatioii  for  Bituminous  Material  A 


V 


Mixing  Method  (Type  i)  (Open  Mix) 


I2) 


bituminous  material  shall  have  the  following  characteristics: 
^t  shall  be  free  from  water. 

The  various  hydrocarbons  composing  it  shall  be  present  in  a  homoge- 
neous solution. 

(3)  It  shall  have  a  specific  gravity  at  77  degrees  Fahrenheit  of  not  less 
than  0.97. 

(4)  The  penetration  shall  be  between  8  and  la  millimeters  when  tested  for 
5  seconds  at  77  degrees  Fahrenheit  with  a  No.  2  needle,  weighted  with  100 
grams. 

(5)  Fifty  grams  of  it  upon  being  maintained  at  a  uniform  temperature  of 
335  degrees  Fahrenheit  for  5  hours  in  a  cyUndrical  vessel  5^  centimeters  in 
diameter  by  3^^  centimeters  high  shall  not  lose  more  than  4  per  centum  in 
weight.  Tne  penetration  (^  seconds,  77  degrees  Fahrenheit,  No.  2  needle, 
100  grams  weight)  of  this  residue  shall  be  at  least  50  per  centum  of  the  original 
penetration. 

(6)  Its  solubility  at  air  temperature  in  chemically  pure  carbon  disulphide 
for  the  following  named  materials,  or  materials  similar  thereto,  shall  be  at 
least  99.5  per  centum  for  pure  bitumen  products,  96  per  centum  for  Bermudez 
products,  81  per  centum  tor  Cuban  products  and  66  per  centum  for  Trinidad 
Qroducts. 

(7)  The  solubility  of  the  bitumen  at  air  temperature,  in  76  degrees  Beaum6 
paraffine  petroleum  naphtha  distilling  between  140  degrees  and  190  degrees 
Fahrenheit,  shall  be  between  68  and  88  per  centum. 

(8)  The  bitumen  shall  show  between  8  and  17  per  centum  fixed  carbon. 

(9)  It  shall  show  an  open  flash  point  not  less  than  375  den'ees  Fahrenheit. 

(10)  It  shall  not  contain  more  than  4.7  per  centum  paramne  scale. 

(11)  It  shall  show  a  toughness  at  32  degrees  Fahrenheit  not  less  than  10 
centimeters.  Toughness  is  determined  by  breaking  a  cylinder  of  the  mate- 
rial i^  inches  in  diameter  by  i9^  inches  in  height  in  a  Page  inipact  machine. 
(American  Society  of  Testing  Materi^s,  August  15,  1908).  The  first  drop 
of  the  hammer  is  from  a  height  of  5  centimeters  and  each  succeeding  blow 
is  increased  by  5  centimeters. 

(12)  It  shall  have  a  ductility  at  77  degrees  Fahrenheit  of  not  less  than 
25  centimeters  (Dow  mould)  .^ 

(13)  All  bituminous  material  A.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany, 
N.  Y. 

Item  6s — Specification  for  Bituminous  Material  A 


ai 


Mixing  Method  (Type  No.  2)     (Topeka  Mix) 

This  bituminous  material  shall  have  the  following  characteristics: 
It  shall  be  free  from  water. 

The  various  hydrocarbons  composing  it  shall  be  present  in  a  homoge- 
neous solution. 

(3)  It  shall  have  a  specific  gravity  at  77  degrees  Fahrenheit  of  not  less 
than  0.97> 

(4)  The  penetration  shall  be  between  6  and  8  millimeters  when  tested 
for  5  seconds  at  77  degrees  Fahrenheit  with  a  No.  2  needle,  weighted  with 
100  grams. 

(5)  Fifty  flrams  of  it  being  upon  maintained  at  a  uniform  temperature  of 
325  degrees  Fahrenheit  for  5  hours  in  a  cylindrical  vessel,  sH  centimeters 
in  diameter  by  3H  centimeters  high  shall  not  lose  more  than  4  per  centum 
in  weight.  The  penetration  (5  seconds,  77  degrees  Fahrenheit,  No.  2  needle, 
100  grams  weight)  of  this  residue  shall  be  at  least  50  per  centum  of  the  original 
penetration. 

(6)  Its  solubility  at  air  temperature  in  chemically  pure  carbon  disulphide 
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for  the  following  named  9Uiteriab,  or  materials  similar  thereto,  shall  be  at 
least  99*5  pcr  centum  for  pure  bitumen  products,  96  per  centum  for  Bermn- 
des  products,  8x  per  centum  for  Cuban  pTX)ducts  and  66  per  centum  for 
Trimdad  products. 

(7)  The  solubility  of  the  bitumen  at  air  temperature,  in  76  degrees  Beaum^ 
paraffine  petroleum  naphtha  distilling  between  140  degrees  and  190  degrees 
Fahrenheit  shall  be  between  68  and  88  per  centum. 

(8)  The  bitumen  shall  show  between  8  and  17  per  centum  fixed  carbon. 

(9)  It  shall  show  an  open  flash  point  not  less  than  375  degrees  Fahrenheit. 

(10)  It  shall  not  contain  more  than  4.7  per  centum  paramne  scale. 

(11)  It  shall  show  a  toughness  at  33  degrees  Fahrenheit  not  less  than  5 
centimeters.  Toughness  is  determined  by  breaking  a  cylinder  of  the  mate- 
rial i^^  inches  in  diameter  by  i^l  inches  in  height  in  a  Page  iropact  machine. 
(American  Society  of  Testing  Materials,^  August  is.  1908.)  The  first  drop 
of  the  hammer  is  from  a  height  of  5  centimeters  and  each  succeeding  blow  is 
increased  by  s  centimeters.^  ^ 

(12)  It  shall  have  a  ductility  at  77  degrees  Fahrenheit  of  not  less  than  25 
centimeters  (Dow  mould). 

(13)  All  bituminous  nlaterial  A.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways  and  samples  sent  to  the  Bureau  of  Tests,  Albany. 
N.  y. 

Item  66— Specification  for  Bituminous  Material  A 
Penetration  Method 

This  bituminous  material  shall  have  the  following  characteristics: 
(i)  It  shall  be  free  from  water. 

(a)  The  various  hydrocarbons  composing  it  shall  be  present  in  a  homo- 
geneous solution. 

(3)  It  shall  have  a  specific  gravity  at  77  degrees  Fahrenheit  of  not  less 
than  0.97. 

(4)  The  penetration  shall  be  between  14  and  19  millimeters  when  tested 
for  5  seconds  at  77  degrees  Fahrenheit  with  a  No.  2  needle,  weighted  with 
100  grams. 

(5)  Fifty  grams  of  it  upon  being  maintained  at  a  uniform  temperature 
of  325  degrees  Fahrenheit  for  5  h9urs  in  a  cylindrical  vessel  sH  centimeters 
in  diameter  by  3^  centimeters  high  shall  not  lose  more  than  5  per  centum 
in  weight.  The  penetration  (5  seconds,  77  degrees  Fahrenheit.  I^.  2  needle. 
100  grams  weight)  of  this  residue  shall  be  at  least  50  per  centum  of  the  origi- 
nal penetration.  ^  ^ 

(6)  Its  solubility  at  air  temperature  in  chemically  pure  carbon  disulphide 
for  the  following  named  materials,  or  materials  simihir  thereto,  shall  oe  at 
least  99-S  pcr  centum  for  pure  bitumen  products,  96  per  centum  for  Bermudes 
products,  81  per  centum  for  Cuban  products  and  66  per  centum  for  Trinidad 
products. 

(7)  The  solubility  of  the  bitumen  at  air  temperature,  in  76  degrees  Beaum^ 
paraffine  petroleum  naphtha  distilling  between  140  degrees  and  is>o  degrees 
Fahrenheit  shall  be  between  70  and  88  per  centum. 

(8)  The  bitumen  shall  show  between  8  and  16  per  centum  fixed  carbon. 

(9)  It  shall  show  an  open  flash  point  not  less  than  375  de^ees  Fahrenheit. 

(10)  It  shall  not  contain  more  than  4.7  per  centum  paramne  scale. 

(11)  It  shall  show  a  toughness  at  32  degrees  Fahrenheit  not  less  than  15 
centimeters.  Toughness  is  determined  by  breaking  a  cylinder  of  the  mate- 
rial if^  inches  in  diameter  by  i finches  in  height,  in  a  Page  impact  machine. 
(American  Society  of  Testing  Materials,  August  is,  1908.)  The  first  drop 
of  the  hammer  is  from  a  height  of  5  centimeters  and  each  succeeding  blow  is 
increased  by  s  centimeters. 

(12)  It  shall  have  a  ductility  at  77  degrees  Fahrenheit  of  not  less  than  40 
centimeters  (Dow  mould). 

(13)  All  bituminous  material  A.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samples  sent  to  the  Bureau  of  Tests  Albany. 

Item  67 — Specification  for  Bituminous  Material  H.  O.  (Surface  application) 

This  bituminous  material  shall  have  the  following  characteristics: 
(i)  It  shall  be  free  from  water. 


MATERIALS  727 

(a)  The  various  hydrocarboxis  comiMsing  it  shall  be  present  in  a  homo- 
geneous so'ution. 

(3)  It  shall  have  a  spec-fic  gravity  at  77  degrees  Fahrenheit  of  not  less 
than  0^6. 

(4)  When  evaj>orated  in  the  open  air  at  a  temperature  not  exceeding  500 
degrees  Fahrenheit  until  the  residue  remaining  has  a  penetration  (5  seconds, 
77  degrees  Fahrenheit.  No.  2  needle,  100  grams  weight)  of  10  millimeters 
the  amount  of  such  residue  shall  not  be  less  than  85  per  centum  nor  more 
than  95  per  centum  of  the  original  oil.  At  a  temperature  of  77  degrees 
Fahrenheit  such  residue  shall  have  a  ductility  of  at  least  25  centimeters 
(Dow  mould). 

(5)  Fifty  grams  of  it  upon  being  maintained  at  a  uniform  temperature 
of  32S  degrees  Fahrenheit  for  five  hours,  in  a  cvlindrical  vessel  sfi  centi- 
meters in  diameter  by  3H  centimeters  high,  shall  not  lose  more  than  10  per 
centum  in  weight. 

(6)  It  shall  be  soluble  in  chemically  pure  carbon  disulphide  at  air  tem- 
perature to  the  extent  of  at  least  99*5  per  centum. 

(7)  It  shall  be  soluble  at  air  temperature  in  76  degrees  Beaum6  paraffine 

Eetroleum  naphtha  distilling  between  140  degrees  and  190  degrees  Fahren- 
eit  to  the  extent  of  not  less  than  75  per  centum  and  not  more  than  sk)  per 
centum. 

(8)  It  shall  show  between  6  and  i/^  per  centum  of  fixed  carbon. 

(9)  It  shall  show  an  open  flash  point  of -not  less  than  325  degrees  Fahren- 
heit. 

shall  not  contain  more  than  4.7  per  centum  paraffine  scale. 

shall  show  a  toughness  at  32  degrees  Fahrenheit  not  less  than  20 
centimeters.  Toughness  is  determined  by  breaking  a  cylinder  of  the  mate- 
rial i^  inches  in  diameter  by  i9^  inches  in  height  in  a  Page  impact  machine. 
(American  Society  of  Testing  Materials,  August  15.  1908.)  The  first  drop 
of  the  hammer  is  from  a  height  of  5  centimeters  and  each  succeeding  blow 
is  increased  by  5  centimeters. 

(12)  All  bituminous  material  H.  O.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samples  sent  to  the  Bureau  of  Tests,  Albany. 

XN  •   X  * 

Item  68 — Spedilcation  for  Bitominous  Material  C.  O.  (Surface  application) 


'(10)  It 
(II)  It 


This  bituminous  material  shall  have  the  following  characteristics: 
Tx)  It  shall  be  free  from  water. 

(2)  The  various  hydrocarbons  composing  it  shall  be  present  in  a  homo- 
geneous solution. 

(3)  It  shall  have  a  specific  gravity  at  77  degrees  Fahrenheit  of  not  less 
than  0^3' 

(4)  When  evajjNorated  in  the  open  air  at  a  temperature  not  exceeding  500 
degrees  Fahrenheit  until  the  residue  remaining  has  a  penetration  (5  seconds, 
77  degrees  Fahrenheit.  No.  2  needle.  100  grams  weight)  of  10  millimeters 
the  amount  of  residue  shall  not  be  less  than  50  per  centum  nor  more  than 
65  per  centum  of  the  original  oil.  At  a  temperature  of  77  de^ees  Fahren- 
heit such  residue  shall  nave  a  ductility  of  at  least  25  centimeters  (Dow 
mould). 

(5)  Fifty  grams  of  it  upon  being  maintained  at  a  uniform  temperature 
of  325  degrees  Fahrenheit  for  five  hours,  in  a  cylindrical  vessel  sH  centi- 
meters in  diameter  by  3H  centimeters  high,  shall  not  lose  more  than  30  per 
centum  in  weight. 

(6)  It  shall  be  soluble  in  chemically  pure  carbon  disulphide  at  air  tem- 
perature to  the  extent  of  at  least  99*5  per  centum. 

(7)  It  shall  be  soluble  at  air  temperature  in  76  degrees  Beaum6  paraffine 
petroleum  naphtha  distilling  between  140  and  190  degrees  Fahrenheit  to  the 
extent  of  not  less  than  80  per  centum  and  not  more  than  95  per  centum. 

(8)  It  shall  not  show  more  than  10  per  centum  fixed  carbon. 

(9)  It  shall  show  an  open  flash  point  of  not  less  than  125  degrees 
Fahrenheit. 

(10)  It  shall  not  contain  more  than  4.0  per  centum  paraffine  scale. 

(11)  All  bituminous  material  C.  O.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samples  sent  to  the  Bureau  of  Tests,  Albany, 
X 1 .   X  . 
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Item  69 — Speciflcatioii  for  Bitominons  Material  T 

High  Carbon — ^Binder  for  Bituminous  Macadam 

This  bituminotts  material  shall  have  the  following  characteristics : 

(i  Wt  shall  be  free  from  water. 

(a)  It  shall  be  uniform  in  character,  appearance,  and  viscosity. 

(3)  It  sh^  have  a  specific  gravity  of  not  less  than  1.30  at  35  degrees 
centigrade. 

(4)  It  shall  contain  not  more  than  35  per  centum  nor  less  than  12  per 
centum  of  free  carbon. 

(5)  When  distilled  by  the  method  of  the  American  Society  for  Testing 
Materials,  it  shall  contain  no  body  that  distils  at  a  lower  temperature  than 
170  degrees  Centigrade;  not  over  3  per  centum  shall  distil  below  235  degrees 
Centigrade;  not  over  la  per  centum  shall  distil  below  270  d^rrees  Cent^^ade, 
and  not  over  16  per  centum  shall  distil  below  300  degrees  Centigrade.  The 
specific  gravity  of  the  entire  distillate  shall  not  be  less  than  1.03  at  35  degrees 
Centigrade.  The  residue  from  the  foregoing  distillation  shall  have  a  mmng 
point  not  greater  than  75  degrees  Centigrade  ball  and  ring  method. 

(6)  It  shall  have  a  melting  point  of  not  less  than  27  d^;rees  C.  and  not 
more  than  34  degrees  C.  by  ball  and  ring  method. 

(7)  All  bituminous  mat€»ial  T.  will  be  sampled  by  an  Bngineer  of  the 
Department  of  Highways  and  samples  sent  to  tne  Bureau  of  Tests.  Albany. 
N.  Y. 

Item  70 — Spedflcation  for  BitmniaoiM  Material  T 

High  Carbon — Hot  Application,  Surface  Application 

This  bituminous  material  shall  have  the  following  characteristics: 
(i)  It  shall  be  free  from  water. 

(2)  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

(3)  It  shall  have  a  specific  gravity  not  less  than  1.19  at  35  degrees 
Centigrade. 

(4)  It  shall  contain  not  more  than  22  per  centum  nor  less  than  10  per 
centum  of  free  carbon. 

(5)  When  distilled  by  the  method  of  the  American  Society  for  Testing 
Materials,  it  shall  contain  no  body  that  distils  at  a  lower  temperature 
than  170  degrees  Centigrade,  not  over  10  per  centum  shall  distil  below  235 
degrees  Centigrade;  not  over  16  per  centum  shall  distil  below  370  degrees 
Centigrade  and  not  over  20  per  centum  shall  distil  below  300  degrees  Centi- 
grade. The  specific  gravity  of  the  entire  distillate  shall  not  be  less  than  1.03 
at  25  degrees  Centigrade.  The  residue  from  the  foregoing  distillation  shall 
have  a  melting  point  not  greater  than  75  degrees  Centigrade  ball  and  ring 
method. 

(6)  It  shall  have  a  float  test  (New  York  Testing  Laboratory  method)  at 
100  aegrees  Centigrade  between  eighteen  and  twenty-eight  seconds. 

(7)  All  bituminous  material  T.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samples  sent  to  the  Bureau  of  Tests.  Albany, 

IN  •     X  • 

Item  71 — Specification  for  Bituminous  Material  T  (Surface    Treatmeiit) 

High  Carbon — Cold  Application 

This  bituminous  material  shall  have  the  following  characteristics: 

(i  Wt  shall  have  a  specific  gravity  of  1. 14  to  1. 18  at  25  degrees  Centigrade. 

(2)  It  shall  contain  not  more  than  12  per  centum  nor  less  than  4  per 
centum  of  free  carbon. 

(3)  When  distilled  by  the  method  of  the  American  Society  for  Testing 
Materials,  not  over  5  per  centum  shall  distil  below  170  degrees  Centigrade; 
not  over  18  per  centum  shall  distil  below  235  degrees  Ontigrade;  not  over 
25  per  centum  shall  distil  below  270  degrees  Centigrade,  and  not  over  33  per 
centum  shall  distil  below  300  degrees  Centigrade.  The  specific  gravityof 
the  entire  distillate  shall  not  be  less  than  i.oi  at  25  degrees  Centigrade.  The 
residue  from  the  foregoing  distillation  shall  have  a  melting  point  not  greater 
than  70  degrees  Centigrade  ball  and  ring  method. 

(4)  The  viscosity  when  tested  by  the  standard  Engler  viscosimeter  shall 
not  be  more  than  125  seconds  at  60  degrees  Centigrade  for  the  first  100  cubic 
centimeters.  ^ 
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(5)  All  bittiminous  material  T.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samples  sent  to  the  Bureau  of  Tests,  Albany. 
N.  Y. 

Item  72 — Spedficatioii  for  Bituminous  Material  T  (Bituminous  Macadam) 

Low   Carbon — Binder 

This  bituminous  material  shall  have  the  following  characteristics: 
(x)  It  shall  be  free  from  water. 

^31  It  shall  be  uniform  in  character,  appearance  and  viscosity. 
(3)  It  shall  have  a  specific  gravity  not  less   than  1.16  at  25    degrees 
Centigrade. 

C4)  It  shall  contain  not  more  than  5  per  centum  free  carbon. 

(5)  When  distilled  b}r  the  method  01  the  American  Society  for  Testing 
Materials,  it  shaU  contain  no  body  that  distils  at  a  lower  temperature  than 
170  degrees  Centigrade;  not  over  5  per  centum  shall  distil  below  235  degrees 
Centigrade;  not  over  15  per  centum  shall  distil  below  370  degrees  Centigrade; 
not  over  20  per  centum  shall  distil  below  300  degrees  Centigrade.  The  resi- 
due from  the  foregoing  distillation  shall  have  a  melting  point  not  greater 
than  75  degrees  Centigrade  ball  and  ring  method. 

(6)  It  shall  have  a  melting  point  of  not  less  than  27  degrees  C,  and  not 
more  than  34  degrees  C.  by  ball  and  ring  method. 

(7)  All  bituminous  material  T.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samplesrsent  to  the  Bureau  of  Tests,  Albany, 

Item  73 — Specification  for  Bituminous  Material  T  (Surface    Treatment) 

Low  Carbon — Hot  Application  • 

This  bituminous  material  shall  have  the  following  characteristics : 

f  i)  It  shall  be  free  from  water.' 

(31  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

(3)  It  shall  have  a  specific  gravity  of  not  less  than  1.14  at  25  degrees 
Centifirade. 

(4)  it  shall  contain  not  more  than  4  per  centum  of  free  carbon. 

(5)  When  distilled  by  the  method  of  the  American  Society  for  Testing 
Materials,  not  over  i  per  centum  shall  distil  below  170  degrees  Centigrade; 
not  over  12  per  centum  shall  distil  below  235  degrees  Centigrade;  not  over 
30  per  centum  shall  distil  below  270  degrees  Centigrade,  and  not  over  25 
per  centum  shall  distil  below  300  degrees  Centigrade.  The  residue  from  the 
foregoing  distillation  shall  have  a  melting  point  not  greater  than  75  degrees 
Centigrade  ball  and  ring  method. 

(6)  it  shall  have  a  float  test  (New  York  Testing  Laboratory  method)  at 
100  degrees  Centigrade  between  fifteen  and  twenty-five  seconds. 

(7)  All  bituminous  mat^ial  T.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samples  sent  to  the  Bureau  of  Tests,  Albany , 

^i  •    X  • 

Item  74 — Specification  for  Bituminous    Material  T  (Surface  Treatment) 

Low  Carbon — Cold  Application 

This  bituminous  material  shall  have  the  following  characteristics: 

(i)  It  shall  have  a  specific  gravity  of  i.io  to  1.13  at  25  degrees  Centigrade. 

(2)  It  shall  contain  not  more  than  2  per  centum  of  free  carbon. 

(3)  When  distilled  by  the  method  of  the  American  Society  for  Testing 
Materials,  not  over  5  per  centum  shall  distil  below  170  degrrees  Centigrade; 
not  over  30  per  centum  shall  distil  below  335  degrees  Centigrade;  not  over 
38  per  centum  shall  distil  below  270  degrees  Centigrade,  and  not  over  35 
per  centum  shall  distil  below  300  degrees  Centigrade.  The  residue  from  the 
foregoing  distillation  shall  have  a  melting  point  not  greater  than  70  degrees 
Centigrade  ball  and  ring  method. 

(4)  The  viscosity  when  tested  by  the  standard  Engler  viscosimeter  shall 
not  be  more  tiian  125  seconds  at  60  degrees  Centigrade  for  the  first  100  cubic 
centimeters. 

(5)  All  bituminous  material  T.  will  be  sampled  by  an  Engineer  of  the 
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Department  of  Highways,  and  samples  sent  to  the  Bureau  of  Tests,  Albany. 
N.Y. 
Bituminous  Material  for  Mastic  fillers  of  Block  Pavements  (see  page  789)- 

BHICK 

Paving  brick  shall  be  reasonably  perfect  in  shape^— «hall  be  free  from 
marked  warping  or  distortion,  and  shall  be  uniform  in  size,  so  as  to  fit  closely 
together  and  to  make  a  smooth  ]>avement.  All  brick  shall  be  homogeneous 
in  texture  and  free  from  laminations  and  seams.  All  brick  shall  be  evenly 
burned  and  thoroughly  vitrified. 

Soft,  brittle,  cracked,  or  spalled  brick,  or  brick  kiln-marked  to  a  heifi^  or 
depth  of  over  H4  pai^  of  an  inch  will  be  rejected. 

If  brick  have  rounded  comers,  the  radius  shall  not  be  greater  than  H« 
part  of  an  inch. 

Brick  must  have  not  less  than  two  nor  more  than  four  vertical  lugs  or 
projections  not  more  than  H  u^ch  wide,  on  one  side  of  each  brick,  the  total 
area  of  all  lugs  being  not  more  than  3  square  inches,  so  that  when  laid  there 
shall  be  a  separation  between  the  bricks  of  at  least  H  inch  and  not  more  than 
yi  inch.  The  imprint,  or  name  of  the  brick,  or  maker,  if  used,  shall  be  by 
means  of  recessed  and  not  by  raised  letters.  The  two  ends  of  the  brick  shall 
have  a  semi-circular  groove,  with  a  radius  of  not  less  than  H  of  an  inch  and 
not  more  than  ^  of  an  inch.  Grooves  shall  be  so  located  that  when  tiie 
brick  is  laid  together  the  grooves  shall  match  perfectly;  grooves  shall  be 
horizontal  when  brick  is  laid  in  pavement. 

All  brick  shall  not  be  less  than  i^"  X  3K"  X  8H"  nor  more  than  aM^iX 
4"  X  9"  in  size. 

All  brick  shall  be  subject  to  tests  for  abrasion  and  impact,  for  absorption, 
according  to  the  standard  methods  prescribed  by  the  National  Brick  Manu- 
facturers^ Association,  as  follows; 

THE  RATTLER 

The  machine  shall  be  of  ^ood  mechanical  construction^  self-contained,  and 
shall  conform  to  the  following  details  of  material  and  dimensions,  and  shall 
consist  of  barrel,  frame  and  driving  mechanism  as  herein  described. 

THE  BARREL 

The  barrel  of  the  machine  shall  be  made  up  of  the  heads,  headliners  and 
staves. 

The  heads  shall  be  cast  with  trunnions  in  one  piece.  The  trunnion  bear- 
ings shall  not  be  less  than  two  and  one-half  (2M)  inches  in  diameter  or  less 
than  six  (6)  inches  in  length. 

The  heads  shall  not  be  less  than  three-fourths  (^)  inch  thick  nor  more 
than  seven-eighths  (^)  inch.    In  outline  they  shall  be  a  regular  fourteen- 
sided  (14)  polygon  inscribed  in  a  circle  twenty^eight  and  three-eighths  (38K) 
inches  in  diameter.     The  heads  shall  be  provided  with  flanges  not  less  than 
three-fourths  (^)  inch  tnick  and  extending  outward  two  and  one-half  (2H) 
inches  from  the  inside  face  of  head  to  afford  a  means  of  fastening  the  staves. 
The  flanges  shall  be  slotted  on  the  outer  edge,  so  as  to  provide  for  two  (3) 
three-fourths  (^)  inch  bolts  at  each  end  of  each  stave,  said  slots  to  be  tfair- 
teen-sixteenths  l^He)  inch  wide  and  two  and  three-fourths   (2^)  inches 
center  to  center.     Under  each  section  of  the  flanges  there  shall  be  a  bnux 
three-eighths  (f^)  inch  thick  and  extending  down  the  outside  of  the  head 
not  less  than  two  (2)  inches.     Each  slot  shall  be  provided  with  recess  for 
bolt  head,  which  shall  act  to  prevent  the  turning  of  the  same.     There  shaS 
be  for  each  head  a  cast-iron  headliner  one  (i)  inch  in  thiclaiess  and  con- 
forming to  the  outline  of  the  head,  but  inscribed  in  a  circle  twenty-eight 
and  one-eighth  (a8H)  inches  in  diameter.    This  liner  or  wear  plate  shall 
be  fastened  to  the  head  by  seven  (7)  five-eighths  {%)  inch  cap  screws, 
through  the  head  from  the  outside.     These  wear  plates,  whenever  they 
become  worn  down  one-half  (H)  inch  below  their  initial  surface  level,  at 
any  point  of  their  surface,  must  be  replaced  with  new.    The  metal  of  which 
these  wear  plates  are  to  be  comi>osed  shall  be  what  is  known  as  hard  ma- 
chinery iron,  and  must  contain  not  less  than  one  (i)  per  cent,  of  combined 
carlK)n.    The  faces  of  the  polygon  must  be  smooth  and  give  uniform  bear- 
ing for  the  staves.     To  secure  the  desired  uniform  bearing  the  faces  of  the 
head  may  be  ground  or  machined. 
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Tbe  ttavet  ihaH  be  made  of  six  (6)  'web.  mednun  steel  structoial  duoaA 
tweaty-eeven  end  one-fourth  (27K)  inches  long  and  wofi^iing  fifteen  ad 
fivi&.tenths  (is<5)  pounds  per  lineal  toot. 

The  channris  shall  be  drilled  with  holes  thirteen-sizteentlis  OK«)  ac^ 
in  diameter,  two  (2)  in  each  end,  for  bolts  to  fasten  same  to  head,  Uie  ocnto 
line  of  the  holes  being  one  (i)  inch  from  either  ead  aad  ooe  and  tfarv- 
eighths  (iH)  inches  either  way  from  the  longitudinal  center  line. 

The  space  between  the  staves  will  be  determined  by  the  aoconcy  d 
the  heads,  but  must  not  exceed  five-sixteenths  (fl(s)  inch*  The  interior  cr 
flat  side  of  each  channrf  must  be  protected  by  a  hmng  or  wear  plate  tbne- 
eighths  (H)  inch  thick  by  five  and  one-half  (sH)  inches  wide  by  ninetees 
and  three-fourths  (19^)  inches  long.  The  wear  plate  shall  consist  of 
medium  steel  plate,  and  shall  be  riveted  to  the  channd  by  three  (3)  one-laX 
(H)  inch  rivets,  one  of  which  shall  be  on  the  center  line  both  ways  and  ^ 
other  two  on  the  longitudinal  center  line  and  spaced  seven  (7)  inches  fraa 
the  center  each  wav.  The  rivet  holes  shall  be  countersunk  on  ^e  face  of 
the  wear  plate  and  the  rivets  shall  be  driven  hot  and  chipped,  off  flash 
with  the  surface  of  the  wear  plate.  These  wear  plates  shall  be  inspected  froQ 
time  to  time,  and  if  found  loose  shaU  be  at  once  reriveted,  but  no  wear  phk 
shall  be  replaced  by  a  new  one  except  as  the  whole  set  is  changed.  Kc 
set  of  wear  plates  shall  be  used  for  more  than  one  hundred  and  mty  (150) 
teste  under  any  circumstences.  The  record  must  show  the  date  when  each 
set  of  wear  plates  goes  into  service  and  the  number  of  tests  made  tqioe 
each  set. 

The  Steves  when  bolted  to  the  heads  shall  form  a  barrd  twenty  (n) 
inches  long,  inside  measurement,  between  wear  plates.  The  wear  pfalles 
of  the  Steves  must  be  so  placed  as  to  drop  between  the  wear  plates  of  ^ 
heads.  These  steves  shall  be  bolted  tightly  to  the  heads  by  four  (4)  thm- 
fourths  (K)  inch  bolts,  and  each  bolt  ^lall  be  provided  with  lock  nuts,  aal 
shall  be  inspected  at  not  less  frequent  intervals  than  every  fifth  (5th)  test 
and  all  nute  kept  tight.  A  record  shall  be  made  after  each  8u<^  inspectioD, 
showing  in  what  condition  the  bolte  wexe  found. 

TBB  FRAME  AND  DRIVING  MECHANISM 

The  iMurrel  should  be  mounted  on  a  cast-iron  frame  of  sufficient  strensdi 
and  rigidity  to  support  same  without  undue  vibration.  It  should  rest  on  t 
rigid  foundation  and  be  fastened  to  same  by  bolte  at  not  less  than  four 
(4)  pointe. 

It  should  be  driven  by  gearing  whose  ratio  of  driver  to  driven  shonld 
not  be  less  than  one  (i)  to  four  (4).  The  counter  shaft  upon  which  tbe 
driving  pinion  is  mounted  should  not  be  less  than  one  and  fifteen-sixteenths 
(i^Ms)  inches  in  diameter,  with  bearings  not  less  than  six  (6)  inches  is 
length  and  belt  driven,  and  the  pulley  should  not  be  less  than  eighteen  (iS) 
inches  in  diameter  and  six  and  one-half  (6^)  inches  in  face.  A  belt  of  six 
(6)  inch  double-strength  leather.  i>roperly  adjtasted.  so  as  to  avoid  uo- 
necessary  slipping,  should  be  used. 

(As  a  part  of  this  publication  will  be  found  a  complete  working  drawing  of  a 
machine  which  will  meet  the  above  specifications  and  requiremente.) 

THE  ABRASIVE  CHARGE 

(a)  The  abrasive  charge  shall  consist  of  two  sizes  of  cast-iron  spheres. 
The  larger  size  shall  be  three  and  seventy-five-hundredths  (3.75)  inches  in 
diameter  when  new  and  shall  weigh  when  new  approximately  seven  simI 
five-tenths  (7.5)  pounds  (3.40  Idlos)  each.    Ten  shall  be  used. 

These  shall  be  weighed  separately  after  each  ten  (10)  tests,  and  if  the 
weight  of  any  large  shot  falls  to  seven  (7)  pounds  (3*i75  kilos)  it  shall  be 
discarded  and  a  new  one  substituted;  provided,  however,  that  all  of  the 
large  shot  shall  not  be  discarded  and  substituted  by  new  ones  at  any  singk 
timet  and  that  so  far  as  possible  the  large  shote  shall  compose  a  graduated 
series  in  various  stages  of  wear. 

The  smaller  size  spheres  shall  be  when  new  one  and  eight  hundred  seventy- 
five-thousandths  (1.875)  inches  in  diameter  and  shall  weigh  not  to  exceed 
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t;v-five>hundr6dth8  (0.95)  pounds  (0.430  kilos)  each.  Of  these  spheres 
cxsLXxy  shall  be  used  as  will  bring  the  collective  weight  of  the  large  and 
LI  spheres  most  nearly  to  three  hundred  (300)  pounds.  i>rovided  that 
xnall  sphere  shall  be  retained  in  use  after  it  nas  been  worn  down  so  that 
ill  pass  a  circular  hole  one  and  seventy-five-hundredths  (1.75)  inches  in 
CL^ter,  drilled  in  a  cast-iron  plate  one-fourth  (y^)  inch  m  tnickness  or 
ftx  less  than  seventy-five-hundredths  (0.75)  pounds  (or  0.34  kilos). 
tlier,  the  small  spheres  shall  be  tested  by  passing  them  over  such  an 
plate  drilled  with  such  holes,  or  shall  be  weighed  after  every  ten  (10) 
s,  and  any  which  pass  through  or  fall  below  specified  weight,  shall  be 
a,ced  by  new  spheres,  and  provided,  fturther,  that  all  of  the  small  spheres 
1  not  be  rejected  and  replaced  by  new  ones  at  any  one  time,  and  thsit 
:sL-r  as  possible  the  small  spheres  shall  compose  a  graduated  series  in 
Loxis  stages  of  wear.  At  any  time  that  any  sphere  is  found  to  be  broken 
Le£ective  it  shall  at  once  be  replaced. 

»  The  iron  composing  these  spheres  shall  have  a  chemical  composition 
biln  the  following  limits: 

Combined  carbon^Not  less  than  a.so  %. 
Graphitic  carbon — Not  more  than  o.io  %. 
Silicon — Not  more  than  i  %. 
Manganese — Not  more  than  0.50  %. 
Phosphorus — Not  more  than  0.2s  %• 
Su'iphur — Not  more  than  0.08  %. 

^'or  each  new  batch  of  spheres  used  the  chemical  analysis  must  be  furnished 
-fche  maker,  or  be  obtained  by  the  user,  before  introduction  into  the 
kx^e,  and  unless  the  analysis  meets  the  above  specifications,  the  batch 
sx>l^c^  shall  be  rejected. 

THB  BRICK  CHARGE 

]71ie  number  of  brick  per  charge  shall  be  ten  (lO)  for  all  bricks  of  the  so- 
led "block  size"  whose  dimensions  fall  between  from  eight  (8)  to  nine 
inches  in  length,  three  (3)-  and  three  and  three-fourths  (3H)  inches  in 
sadth  and  three  and  three-fourths  (3H)  and  four  and  one-fourth  (4K) 
•lies  in  thickness;  No  block  should  be  selected  for  test  that  would  be 
ected  by  any  other  requirements  for  the  specifications. 
Xlie  brick  shall  be  clean  and  dried  for  at  least  three  (3)  hours  in  a  tem- 
rfiture  of  one  hundred  (100)  degrees  Pahr.  before  testing. 

SPEED  AND  DURATION  OF  REVOLUTION 

The  rattler  shall  be  rotated  at  a  uniform  rate  of  not  less  than  twenty. 
cxc  and  one-half  (apH)  nor  more  than  thirty  and  one-half  (30H)  revolutions 
sr  minute,  and  eighteen  hundred  (1800)  revolutions  shall  constitute  the 
a,ndard  test. 

Ji.  counting  machine  shall  be  attached  to  the  rattler  for  counting  the 
volutions.  A  margin  of  not  to  exceed  ten  (10)  revolutions  will  be  allowed 
r  stopping.     Only  one  (i)  start  and  stop  per  test  is  regular  and  acceptable. 

THE  RESULTS 

*rhe  loss  shall  be  calculated  in  percentag[e  of  the  original  weight  of  the 
-led  brick  composing  the  charge.  In  weighing  the  rattled  brick  any 
ece  weighing  less  than  one.(i)  pound  shall  be  rejected. 

RECORDS 

(a>  The  operator  shall  keep  an  official  book,  in  which  the  alternate  pages 
•e  perforated  for  removal.  The  record  shall  be  kept  in  duplicate,  by 
le  of  a  carbon  paper  between  the  first  and  second  sheets,  and  when  all  en- 
jes  are  made  and  calculations  are  completed  the  original  record  shall  be 
smoved  and  the  carbon  duplicate  preserved  in  the  book.  All  calculations 
lUSt  be  made  in  the  space  lext  for  that  purpose  in  the  record  blank,  and  the 
rtual  figures  must  appear.     The  recora  tnu$t  bear  its  serial  number  and  be 
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filled  put  completely  for  each  test,  and  all  data  as  to  dates  o£  inraectioo 
weighing  of  shot  and  replacement  of  worn-out  parts  must  be  carefully  enta 
so  Uiat  the  records  remaining  in  the  book,  constitute  a  continuous  one. 
event  of  further  coi)ies  of  a  record  being  needed,  they  may  be  furnished 
separate  sheets,  but  in  no  case  shall  the  original  carbon  copy  be  removed  ffl 
the  record  book. 


Tcatof  P«M*« 


Nunc  of  th«  firai  (nnrithing  Moiplc 

Ntme  of  the  firai  miaafKiniiag  Moiple 

Street  or  job  whkh  Mmplc  repreeenti 

Brands  or  marks  oa  the  brick 

Quantity  furoMied 

Date  received 

Length  Breadth 


Drying  treatmeai 
Date  tested 

Thickocea 


Number  of  charget  tetted  ttnce  laat  ioapection 

lil 

(AiMr 


10  Large  tpberea 
Snnall  tpherea 


Ngmber  of  charges  tested  since  stave  linings  were  renewed 
Repairs  (Note  any  repairs  affecting  the  condition  of  the  barrel) 


Beginning  of  test    »  » 
Final  Reading    «    ^   » 


Initial  Weight  of  10  Bricks    .     .   • 
Final  Weight  of  Same      .... 

Petccflt^c  Low 

Loasof  Weight 

Number  of  broken  bricks  and  remarks  on  same 

I  certify  tiiat  the  iortgoing  itst  was  made  under  the  spccificatioM 


isn 


^j^Yftn  tt  Labomorr 

Pig.  148. 


(6)  The  blank  form  upon  which  the  record  of  all  official  brick  tests  ■ 
to  be  kept  and  reported  is  shown  in  Fig.  148. 

Any  brick  which  loses  twenty-four  (24)  per  cent,  or  more  in  the  rattler.  ori» 
creases  more  than  3H  %  in  weight  or  less  than  H  of  i  %  in  the  absorptioi 
test,  will  be  rejected. 
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HILLSIDE  BRICK 

On  grades  of  five  (s  %)  per  cent,  or  over  the  engineer  may,  if  he  deems 
advisable  for  the  traffic,  order  the  contractor  to  use  special  form  of  brick 
smtable  for  steep  grades. 

_  Expansion  Joint  Paving  Pitch. — This  cushion  shall  be  composed  of  heavy- 
pitch  or  asphaltum  composition,  having  a  melting  point  of  not  less  than 
120**  F.  nor  more  than  140"?.,  filling  the  allotted  space. 

PREMOLDED  EXPANSION  JOINT 

The  expansion  joints  shall  be  composed  of  a  high  grade  asphalt,  that  shall 
pass  the  following  tests: 

Specific  gravity  at  7 7 "P.,  0.98  to  1.05. 
Melting  point,  ball  and  ring  method,  320**  to  ^so^P. 
Lfoss  on  heating  for  5  hours  at  325 °P.,  not  over  i  %. 
Bitumen  soluble  in  carbon  disulphide,  at  least  98.5  %. 
Bitumen  soluble  in  carbon  tetrachloride,  at  leai^  99*8  %. 
Bitumen  soluble  in  76**  Beaum6  naphtha,  50  to  75  %• 
Penetration  at  32**  P.  200  grams,  i  min..  at  least  12. 
Penetration  at  77*  P.  100  grams.  5  sec.  between  is  and  35. 
Penetration  at  iis"  P.  50  grams,  5  sec.  not  more  than  45. 

BLOCK  STONE  PAVEMENT 

(City  of  Rochester,  N.  Y.,  Specifications,  1911) 

Paving  blocks  shall  consist  of  the  best  quality  of  Medina  sandstone 
free  from  quarry  checks  or  cracks,  and  shall  be  quarried  from  fine-grain 
live  rock,  snowing  a  straight  and  even  fracture.  The  material  shall  be  of 
uniform  quality^  and  texture,  free  from  seams  or  lines  of  clay  or  other  sub- 
stances which,  in  the  opinion  of  the  City  Engineer,  will  be  injurious  to  its 
use  as  paving  material. 

Blocks  shall  measure  not  less  than  three  (3)  nor  more  than  six  (6)  inches 
thick,  and  not  less  than  six  (6)  nor  more  than  six  and  one-half  i6H)  inches 
deep,  and  from  seven  (7)  to  twelve  (12)  inches  in  length.  Stones  to  have 
parallel  sides  and  ends,  and  right-angle  joints.  All  roughness  in  joints  of 
stone  to  be  broken  off,  so  that  when  set  in  place  they  shaU  have  tight  joints 
for  a  distance  of  at  least  two  and  one-half  (23^)  inches  from  the  top  down. 
The  top  to  have  a  smooth^  even  surface,  with  no  projection  or  depression 
exceeding  one-quarter  (^)  inch. 

When  approved  by  the  City  Engineer,  paving  blocks  of  the  following 
dimensions  may  be  used. 

Three  to  five  inches  in  width;  five  inches  in  depth,  with  an  allowable 
variation  of  one-quarter  inch,  more  or  less,  in  said  depth,  and  seven  to 
twelve  inches  in  length. 

Paving  blocks  as  here  referred  to  shall  be  understood  to  mean  blocks 
of  Medina  sandstone,  prepared  in  the  usual  manner  for  dressed  block  pav- 
ing b^  nicking  and  breaking  the  stone  from  larger  blocks,  as  is  done  at  the 
quarries  where  such  blocks  are  usually  prepared,  and  not  made  by  redressing 
or  selecting  from  common  stone  paving  material. 

The  stones  will  be  carefully  inspected  after  they  are  brought  on  the 
line  of  the  work,  and  the  blocks  which,  in  Quality  and  dimensions,  do  not 
conform  strictly  to  these  specifications,  will  be  rejected  and  must  be  imme- 
diately removed  from  the  line  of  the  work.  The  contractor  will  be  reguired 
to  furnish  such  laborers  as  may  be  necessary  to  aid  the  inspector  in  the 
examination  and  the  culling  of  the  blocks.  ^ 

The  stones  brought  upon  the  ground  having  been  carefully  and  thoroughly 
inspected,  as  provided  for  herein,  and  all  rejected  stones  removed  from 
the  line  of  the  work,  the  contractor  will  then  be  required  to  pile  such  stone 
as  may  have  been  approved,  neatly,  on  the  front  of  the  sidewalk,  and  not 
within  three  (3)  feet  of  any  fire  hydrant,  and  in  such  manner  as  will  preserve 
sufficient  passagewav,  on  the  line  of  the  sidewalks,  and  also  permit  of  free 
access  from  the  roadway  to  each  entrance  on  the  line  of  the  street. 


736  SPECIFICATIONS 

SECOND  QITALITT  BLOCKS 

(thb  following  not  in  any  specifications) 

Second  quality  block,  known  as  pavers,  are  practically  the  same  mateii 
as  the  first  quality  block,  the^  only  difEerence  being  a  greater  range  of  sa 
and  a  less  careful  top  and  joint  finish.  They  cost  $0.50  per  squaiv  yvi 
less.  These  pavers  can  be  furnished  under  a  specification  allowiiig  th 
following  range  of  size  and  joint  width: 

(City  of  Cleveland  Specifications) 

"Common  paving  stones  shall  coiuist  of  the  best  quality  of  Media 
sandstone,  and  shalTbe  not  less  than  three  (3)  nor  more  than  five  (5)  inda 
thick,  and  not  less  than  seven  (7}  nor  more  than  eight  (8)  inches  dee?, 
and  from  eight  (8)  to  thirteen  (13)  mches  long.  The  stones  to  have  paralU 
sides  and  ends,  with  right-angle  joints,  all  roughness  and  points  of  stos 
to  be  broken  off  so  that  when  set  in  place  the^  shall  have  tight  joints  fori 
distance  of  at  least  thre»  inches  from  the  top*;  the  area  of  the  bottom  d 
any  stone  to  be  not  less  than  three-quarters  (K)  of  the  area  of  the  tof. 
the  top  of  all  stones  to  have  a  smooth  even  surface." 

CAST-IRON  PIPE 

Cast-iron  pipe  shall  be  light  weight  and  may  be  second  quality,  but  i 
shall  be  free  from  all  defects  impairing  its  strength.  The  iron  must  hed 
good  qtiality,  uniform  in  thickness  and  of  full  strength,  and  the  pipe  sbd 
be  coated  with  coal  pitch  varnish  mixed  with  linseed  oil  to  form  a  fim 
tou^h  coating.  The  joint  shall  be  formed  by  calking  into  the  hub  a  gasket 
of  jute  or  oakum  and  then  filling  with  mortar  formed  of  equal  parts  d 
Portland  Cement  and  clean  sharp  sand. 

MESH  REINFORCEMENT 

Mesh  reinforcement  shall  be  placed  where  called  for  on  the  plans  o: 
ordered  by  the  engineer.     It  shall  be  of  medium  steel. 

If  expanded  metal  is  used  it  shall  conform  to  the  above  requiiemait& 
and  the  weight  per  square  foot  shall  be  as  shown  on  the  standard  structnn 
sheet,  and  any  reinforcement  shall  be  of  a  character  that  it  will  distribute 
the  loads  evenly. 

DEFORMED  BARS 

Deformed  bars  shall  be  placed  where  called  for  on  the  plans  or  ordend 
by  the  engineer.  They  sluul  be  of  medium  steel  and  shall  have  a  defonned 
cross-section,  that  is,  the  various  cross-sections  must  be  of  different  shape 
or  their  centers  must  not  lie  in  the  same  axis. 

I 

CAST  IRON 

Cast  iron  shall  be  of  full  standard  pattern  for  shapes  or  forms  used, 
according  to  drawings  or  detailed  specifications.     All  cast  iron  shall  be  d  \ 
good  gray  iron,  free  from  blows,  sand  holes,  or  other  defects,  and  shall  h»«  ' 
a  tensile  strength  of  not  less  than  17,000  pounds  per  square  inch  of  section- 

WROUGHT  IRON 

Wrought  iron  shall  be  tough,  fibrous,  and  uniform  in  quality  and  sluil 
be  manufactured  by  approved  methods.  Steel  scrap  shall  not  be  used  ia 
its  manufacture.  Finished  material  shall  be  clean,  smooth,  straight,  tnie 
to  shape,  of  workmanlike  finish  and  free  from  defects. 

Test  pieces  cut  from  finished  material  shall  show  an  ultimate  tensile 
strength  of  not  less  than  48,000  pounds  per  square  inch,  an  elastic  limit  d 
not  less  than  2^.000  i)ounds  per  square  inch,  and  an  elongation  of  not  kss 
than  20  %  in  8  inches. 
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Wrottght-iron  test  pieces  cut  from  finished  material  when  cold,  or  when 
heated  to  a  bright,  cherry-red,  shall  endure  bending  180  degrees  around  a 
circle  whose  diameter  is  equal  to  twice  the  thickness  of  the  test  piece,  with- 
out signs  of  cracking.  Test  pieces  when  nicked  and  broken  shall  show  a 
fracture  not  less  than  90  %  fibrous,  free  from  coarse,  crystalline  spots. 

Wrought  iron  when  welded  shall  not  show  signs  of  red  shortness. 

STEEL 

1.  Steel,  except  as  otherwise  provided  by  these  specifications,  shall 
b«  made  by  the  acid  or  basic  open-hearth  process  and  shall  be  uniform  in 
character;  finished  material  shall  be  clean,  smooth,  straight,  true  to  shape, 
of  workmanlike  finish,  and  free  from  defects. 

2.  Fractures  must  show  a  uniform  fine  grain  of  a  blue,  steel-gray  color 
entirely  free  from  a  fiery  luster  or  a  blackisn  cast. 

3.  No  work  shall  be  put  upon  any  steel  at  or  near  the  blue  temperature 
or  between  the  temperature  of  boilmg  water  and  of  the  ignition  of  hard- 
wood sawdust. 

4.  No  sharp  or  unfilleted  comers  will  be  allowed  in  any  piece  of  metal. 

5.  Annealing. — Crimped* stiff eners  and  buckled  plates  need  not  be  an- 
nealed. All  other  steel  that  has  been  bent  cold  or  partially  heated  and  all 
forgings  must  be  wholly  annealed;  exception  may  oe  made  in  unimportant 
cases  and  then  only  upon  written  permission  from  the  Commission. 

6.  Tests  of  steel  that  is  to  be  annealed  shall  be  made  after  annealing,  or 
strips  cut  from  such  steel  shall  be  annealed  at  the  same  time,  before  testing. 

7.  Tests  of  Medium  Steel. — Test  pieces  cut  from  finished  material  sludl 
show  an  ultimate  strength  of  not  less  than  sixty  thousand  (60,000)  pounds 
per  square  inch  and  not  more  than  sixty-eight  thousand  (68,000^  pounds 
per  square  inch,  an  elastic  limit  of  not  less  than  thirty-five  thousana  (35,000) 
pounds  per  square  inch,  an  elongation  of  not  less  than  twenty-two  (22) 
per  cent,  in  eight  (8)  inches,  and  a  reduction  of  area  at  the  fracture  of  not  less 
than  forty  (40;  per  cent. 

8.  Medium  steel  shall  not  contain  more  than  five  one-hundredths  (5-100) 
of  I  %  of  sulphur. 

9.  Acid  steel  shall  not  contain  more  than  eight  one-hundredths  (8-100) 
of  I  %,  and  basic  steel  shall  not  contain  more  than  four  one-hundredths 
(4-100)  of  I  %  of  phosphorus. 

10.  Medium  steel  snail  endtire  ^bending  cold  or  after  quenching  from  a 
red  heat  in  water  at  8o''F.,  180**  around  a  circle  whose  diameter  is  equal  to 
the  thickness  of  the  test  piece,  without  signs  of  cracking. 

11.  Testa  for  Soft  SteeL — Test  pieces  cut  from  finished  material  shall 
show  an  ultimate  strength  of  not  less  than  fifty  thousand  (50,000)  i>ounds 
per  square  inch  and  not  more  than  fifty-eight  thousand  (58,000)  pounds  per 
square  inch,  an  elastic  limit  of  not  less  than  thirty  thousand  (30,000)  pounds 
per  Square  inch,  an  elongation  of  not  less  than  28  %  in  eight  inches,  and  a 
reduction  in  area  at  the  n'acture  of  not  less  than  fifty  (50)  per  cent. 

12.  Soft  steel  shall  not  contain  more  than  four  one-hundredths  (4-100) 
of  I  %  of  sulphur. 

13.  Acid  steel  shall  not  contain  more  than  six  one-hundredths  (6-100) 
of  I  %•  and  basic  steel  shall  not  contain  more  than  four  one-hundredths 
(4-100)  of  I  %  of  phosphorus. 

14.  Soft  steel  shall  endure  bending  flat  upon  itself  without  signs  of  crack- 
ing, when  cold,  or  after  quenching,  from  a  red  heat,  in  water  at  eighty 
(o>  degrees  P.  

VITRIFIED  PIPS 

Vitrified  pipe  shall  be  double  strength  salt-glazed  vitrified  stoneware 
sewer  pipe  of  the  first  quality  (ior  dimensions  and  weights  see  page  560). 
The  item  will  include  the  furnishing  deliverixig,  handling,  laying,  and  cement- 
ing of  joints;  also  the  operations  of  excavating  the  trench,  bracing,  sheeting, 
or  otherwise  supporting  the  sides,  grading  and  preparing  the  bottom,  back- 
filling and  compacting  to  the  original  surface,  and  the  removal  of  all  surplus 
material. 

PIPE  CULVERTS     (U.  S.  FOREST  ROAD  SPECIFICATIONS) 

Pipe  culverts  shall  be  constructed  wherever  indicated  on  the  plans  or 
directed  by  the  engineer.  Typical  plans  for  the  guidance  of  the  contractor 
will  be  furnished  for  each  particular  kind  of  pipe  culvert  required.    The 


738 


SPECIFICATIONS 


ends  c£  aU  ptpfb  onl'rerts  thaH  be  protected  by  ooncrete  a 
uiilcM  othcrme  oidered  by  the  encixieer. 

CMMreto  Fipe^— Concrete  jnpe  must  be  dernr.  amootlt  and  free  £iam  acf 
impeifection  that  would  impair  the  ahrrgth.  The  oonczcte  dial  be 
mixed  in  the  pfoportion  of  one  (i)  part  Portland  cemmt.  two  <2)  ports  sud. 
and  one  and  oob-baXL  (iH)  parts  dean  pea  Ktavel  (aH  of  winch  sfaaH  pas 
a  screen  having  three-f oarths  (H)  inch  orcnlar  openings  and  be  retained  ce 
a  screen  having  one-quarter  (H)  inch  circular  openisss.  It  dtaB  be 
thoroughly  mixed  with  water  and  tami)ed  into  properly  shaped  forms.  iZ 
materials  shall  oouloim  to  the  requirements  for  Coucrtie  and  Retttfiwcemai 
herein  specified. 

The  thickness  of  pipe  shall  not  be  less  than  Ihat  shown  in  the  fcSkuwbn 
table  of  dimensions: 

Thickness 

2      inches 

3 

u 

5 

All  pipe  shall  be  reinforced  with  triangular  mesh  or  other  type  of  xeinfaxce; 
ment  approved  by  the  engineer,  and  shall  conform  to  the  following;  table  oc 
sizes  and  weights: 


Inside  Diameter 

12 

inches 

i8 

24 

30 

36 

42 

48 

Diameter  of  Pipe 

12  inches 

18 

24 

30 

36 

42 

48 


Triangular  Reinforcement — four-inch,  mesh 

Minimum  weight,  0.30  lb.  per  sq.  ft. 

0.30  "      "    "     " 

0.35 '     " 

0.40  ••  "  "  " 
0.50  "  '*  "  " 
0.60  "  "  "  " 
0.60 


Joints  of  the  reinforced  concrete  pipe  shall  be  of  the  lock  type,  bell  sad 
q>igot  or  other  approved  tyi^e,  with  {Msitive  connection  between  sectioQS  of 
pipe. 

Cast-iron  Pipe.— Cast-iron  pijpe  shall  be  made  with,  bell  and  ^rigot>  joints, 
and  shall  conform  to  the  following  table  of  minimum  weights  and   *  '  - 


Inside  Diameter 

Thickness 

Weight  i>cr  Foot 

Inches 

Inches 

Pounds 

12 

0.54 

72. s 

14 

0.57 

89.6 

16 

0.60 

108.3 

18 

0.64 

129.3 

20 

0.67 

150.0 

24 

0.76 

304.3 

30 

0.88 

291.7 

36 

0.99 

391.7 

The  weight  shall  not  be  less  than  the  standard  weight  by  more  than  five 
(s)  per  cent.  The  pipe  shall  be  straight  and  the  inner  and  outer  sui&ces 
shall  be  true  concentric  cylinders.  Au  pipe  shall  be  made  of  cast  iron  of 
good  quality  and  of  such  character  that  the  metal  of  the  pipe  will  be  stroag. 
tough  and  of  fine  grain,  and  soft  enough  satisfactorily  to  admit  of  drilling 
and  cutting.  The  metal  shall  be  made  without  any  mixture  of  cinder-iioa 
or  other  interior  metal.  The  surfaces  of  the  pipe  shall  be  smooth,  free  from 
scales,  lumps,  blisters,  and  holes,  and  defects  of  every  nature  which  unfit  the 
pipe  for  the  use  for  which  it  is  intended. 

The  j»ipe  shall  be  coated  inside  and  out  with  coal-tar  pitch  varnish.  The 
varnish  shall  be  made  of  coal  tar  to  which  sufficient  oil  has  been  added  to 
make  a  smooth  coating,  tough  and  tenacious  when  cold,  but  with  no  tendency 
to  crack  or  scale. 
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(5)  All  bituminous  material  T.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samples  sent  to  the  Bureau  of  Tests.  Albany, 
N.  Y. 

Item  72 — Spedflcation  for  Bituminous  Material  T  (Bituminous  Macadam) 

Low   Carbon — Binder 

This  bituminous  material  shall  have  the  following  characteristics: 

( I )  It  shall  be  free  from  water. 

^31  It  shall  be  uniform  in  character,  appearance  and  viscosity. 

(3)  It  shall  have  a  specific  gravity  not  less  than  1.16  at  35  degrees 
Centigrade. 

(4)  It  shall  contain  not  more  than  5  per  centum  free  carbon. 

is)  When  distilled  bjr  the  method  of  the  American  Society  for  Testing 
Materials,  it  shall  contain  no  body  that  distils  at  a  lower  temperature  than 
170  degrees  Centigrade;  not  over  5  per  centum  shall  distil  below  235  degrees 
Centigrade;  not  over  15  per  centum  shall  distil  below  370  degrees  Centigrade; 
not  over  30  per  centum  shall  distil  below  300  degrees  Centigrade.  The  resi- 
due from  the  foregoing  distillation  shall  have  a  melting  point  not  greater 
than  75  degrees  Centigrade  ball  and  ring  method. 

(6)  It  shall  have  a  melting  point  of  not  less  than  37  degrees  C,  and  not 
more  than  34  degrees  C.  by  b^  and  ring  method. 

(7)  AH  bituminous  material  T.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samplesrsent  to  the  Bureau  of  Tests,  Albany, 

Item  73 — Specification  for  Bituminous  Material  T  (Surface    Treatment) 

Low  Carbon — Hot  Application 

This  bituminous  material  shall  have  the  following  characteristics : 

(i)  It  shall  be  free  from^  water. 

(3)  It  shall  be  uniforhi  in  character,  appearance  and  viscosity. 

(3)  It  shall  have  a  specific  gravity  of  not  less  than  1.14  at  35  degrees 
Centigrade. 

(4)  It  shall  contain  not  more  than  4  per  centum  of  free  carbon. 

(5)  When  distilled  by  the  method  of  the  American  Society  for  Testing 
Materials,  not  over  i  per  centum  shall  distil  below  170  degrees  Ontigrade; 
not  over  is  per  centum  shall  distil  below  235  degrees  Centigrade;  not  over 
20  per  centum  shall  distil  below  370  degrees  Centigrade,  and  not  over  25 
per  centum  shall  distil  below  300  degrees  Centigrade.  The  residue  from  the 
foregoing  distillation  shall  have  a  melting  point  not  greater  than  75  degrees 
Centigrade  ball  and  ring  method. 

(6)  It  shall  have  a  float  test  (New  York  Testing  Laboratory  method)  at 
100  degrees  Centigrade  between  fifteen  and  twenty>five  seconds. 

(7)  All  bituminous  material  T.  will  be  sampled  by  an  Engineer  of  the 
Department  of  Highways,  and  samples  sent  to  the  Bureau  of  Tests,  Albany , 

Item  74 — Specification  for  Bituminous    Material  T  (Surface  Treatment) 

Low  Carbon — Cold  Application 

This  bituminous  material  shall  have  the  following  characteristics : 

(i)  It  shall  have  a  specific  gravity  of  i.io  to  1. 13  at  25  degrees  Centigrade. 

(2)  It  shall  contain  not  more  than  3  per  centum  of  free  carbon. 

(3)  When  distilled  by  the  method  of  the  American  Society  for  Testing 
Materials,  not  over  $  per  centum  shall  distil  below  170  degrees  Ontigrade; 
not  over  20  per  centum  shall  distil  below  235  degrees  Centigrade;  not  over 
38  per  centum  shall  distil  below  370  degrees  (Centigrade,  and  not  over  35 
per  centum  shall  distil  below  300  degrees  (Centigrade.  The  residue  from  the 
foregoing  distillation  shall  have  a  melting  point  not  greater  than  70  degrees 
Centigrade  ball  and  ring  method. 

(4)  The  viscosity  when  tested  by  the  standard  Engler  viscosimeter  shall 
not  be  more  than  135  seconds  at  60  degrees  Centigrade  for  the  first  100  cubic 
centimeters.  .      — 

(5)  All  bituminous  material  T.  will  be  sampled  by  an  Engineer  of  the 
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quirements  o£  cement  for  *'Concr^"  and  two  parts  of  approved,  dean  sad 
mixed  with  sufficient  water  to  form  a  plastic  mortar. 

When  corrugated  metal  pipe  sections  are  to  be  joined  on  the  work  the  cods 
shall  be  butted  together  and  the  sections  joined  with  the  band  coupter 
securely  bolted  in  place. 

The  filling  around  the  pipe  shall  be  made  in  layers  with  approved  materu! 
free  from  rock  and  each  layer  shall  be  tamped  thoroughly  around  and  over 
the  pipe  to  the  elevation  of  the  original  ground  surface.  The  nutterial  sap- 
portmg  the  lower  half  circumference  of  the  pipe  shall  be  unifonrdy  and  s^ 
curely  tamped  to  give  proper  support  without  displacing  the  pipe. 

Payment.— All  pipe  culverts  will  be  paid  for  by  the  linear  foot  in  place  a! 
the  respective  prices  bid  for  the  different  kinds  of  pipe.  These  prices  sha£ 
be  payment  in  full  for  all  pipe,  joint  material,  etc.,  and  for  all  labor  em^yed 
in  excavation,  backfilling,  laying  the  pipe  and  filling  the  joints,  but  wul  not 
include  payment  for  masonry  or  concrete  end  walls. 

POROUS  TILS  (NEW  YORK  STATE  SPECIFtCATIONS) 

Where  called  for  on  the  plans,  or  ordered  by  the  engineer,  porous  tik 
shall  be  laid  true  to  line  and  grade,  and  firmly  bedded  in  clean  cindeis. 
gravel,  or  crushed  stone.  The  tile  must  be  whole  and  free  from  cracks  sod 
other  defects,  and  must  be  satisfactory  to  the  engineer. 

TIMBER 

(Washington  Statb  Spbcifications) 

Quality  of  Timber  and  Plank. — All  timber  and  plank  in  culverts,  trestI^ 
work,  bridge  abutments,  and  pile  bridges  shall  be  of  good  quality,  of  stidi 
kinds  as  the  highway  commissioner  may  direct,  free  from  shakes,  wanes, 
black  and  unsound  knots,  and  all  descriptions  of  decay,  and  shall  be  measured 
by  the  thousand  feet,  board  measure;  the  price  shall  be  understood  to  cover 
the  expense  of  all  labor  (including  all  necessary  digging  and  filling  at  the 
ends  of  bridges  where  ^^ding  is  done  before  bridges  are  put  in)  and  matoiak. 
pins,  or  treenails  required  in  the  fterformance  of  the  work. 

All  timber  structures  shall  be  built  in  conformity  with  plans  to  be  furnished 
by  the  engineer. 

Piles  and  PUe-driving.— Piles,  whether  used  in  foundations,  trestk- 
work,  or  pile  bridges,  shall  be  of  good,  sound  quality  of  such  timfaier  as  the 
Highway  Commissioner  may  accept,  not  less  than  ten  inches  in  diameta 
at  the  smaller  end  and  of  such  lengths  as  the  engineer  may  require.  TIm7 
shall  be  measured  by  the  lineal  foot  after  they  are  driven  and  cut  off  to 
receive  the  superstructure,  and  the  price  per  lineal  foot  shall  be  understood 
to  cover  the  expense  of  driving,  cutting  off,  removing  the  bark  from  the 
part  above  the  ground,  and  all  other  labor  and  material  required  in  the 
performance  of  the  work;  but  that  portion  of  each  pile  cut  off  shall  be  esti- 
mated and  paid  for  by  the  lineal  foot  as  "piling  cut  off.'*  Piles  shall  be 
driven  of  such  lengths  and  to  such  depths  as  the  engineer  may  require.  All 
piles  shall  be  capped  during  the  driving  to  prevent  brooming. 

LOG  CULVERTS     (IT.  S.  FOREST  ROAD  SPECIFICATIONS) 

Log  culverts  shall  be  constructed  in  conformitylwith  the  plans,~or  where 
directed  by  the  engineer. 

Materials. — In  the  construction  of  log  culverts  the  timber  shall  be  of  the 
species  called  for  on  the  plans.  All  knots  and  projections  shall  be  trimmed 
down  even  with  the  surface  of  the  log,  and  all  bark  shall  be  peeled  off  before 

the  logs  are  used.  .,,,.,  . 

If  Government  owned  stumpage  is  available  the  logs  may  be  cut  either  from 
the  right-of-way  or  adjacent  Government  land,  as  the  engineer  may  direct, 
and  the  engineer  will  m  all  such  cases  indicate  the  trees  to  be  used,  which 
shall  first  have  been  designated  by  a  forest  official.  The  tops  and  branches 
of  trees  shall  be  disposed  of  as  provided  in  the  specifications  for  "Clearing 
and  Grubbing,"  hereinbefore  given.     The  stringer  logs  shall  be  straight. 

When  suitable  Government  owned  stumpage  is  not  available  the  timber 
shall  be  furnished  by  the  contractor  at  his  own  expense. 
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OonstTttctioiLi — The  stakes  set  by  the  engineer  shall  control  the  line  and 
^vartion  for  each  structure.  If  practicable  the  backfill  within  and  behind 
ft.e  abutments  shall  be  made  of  stone.  Where  no  stone  is  available,  the 
»SS  of  the  abutment  shall  be  more  carefully  hewn  so  as  to  form  close  joints 
usit  179111  hold  a  backfilling  of  earth.  In  all  cases  the  logs  of  the  abutments 
a.a.11  "be  fastened  together  with  five-eighths  inch  drift  bolts. 

"Xlie  stringer  logs  shall  be  laid  close  enough  together  to  hold  the  fill  without 
tctlcage  and  an  occasional  stringer  shall  be  spiked  to  the  abutment  in  order 
>  liold  the  roof  of  the  culvert  in  place. 

Ttie  crib  wings  shall  be  constructed  in  the  same  manner  as  the  abutments. 

"Wliere  a  floor  is  called  for,  it  shall  be  constructed  of  stringer  logs  and  in 
tk.e  manner  shown  on  the  plans. 

Payment. — Payment  for  log  culverts  shall  be  at  the  unit  bid  price  per 
ziear  foot  of  culvert  measured  along  the  center  line  of  culvert.  The  bid 
>x-ice  for  each  size  of  culvert  shall  be  payment  in  full  for  all  labor  and  mate- 
LaIs  entering  into  any  culvert  of  that  size  and  the  necessary  excavation  and 
tax^lcfiUing  therefor. 

LOG  BRIDGES     (IT.  S.  FOREST  ROAD  SPECIFICATIONS) 

XrOS  bridges  shall  be  constructed  in  conformity  with  the  plans  or  where 
Urected  by  the  engineer. 

SAateriais. — The  logs  used  in  constructing  log  bridges  shall  be  of  the  species 
sailed,  for  on  the  plans.  If  Government  owned  stumpage  is  available,  the 
OSS  may  be  cut  either  from  the  right-of-way  or  adjacent  Government  land, 
us  the  engineer  may  direct,  and  the  engineer  will  in  all  such  cases  indicate 
^ixe  trees  to  be  used,  which  shall  first  haVe  been  designated  by  a  forest  ofiidal. 
pile  tops  and  branches  of  trees  shall  be  disposed  otas  provided  in  the  speci- 
S.cations  for  "Clearing  and  Grubbing,"  as  hereinbefore  given. 

'When  suitable  Government  owned  stumpage  is  not  available  the  timber 
aliall  be  furnished  by  the  contractor  at  his  own  expense. 

The  logs  shall  be  straight,  sound  and  free  from  defects  of  all  kinds  and 
shall  be  cut  from  live  trees  as  far  in  advance  of  use  as  possible,  but  not  ex- 
ceeding one  year,  and  be  allowed  to  season  with  the  bark  on.  Immediately 
before  use  in  the  work  idl  bark  shall  be  peeled  and  the  logs  trimmed  smooth 
of  aU  knots  and  projections. 

AH  lumber  for  flooring,  railings,  etc.,  shall  be  of  the  kind  and  dimensions 
indicated  on  the  plans  and  shall  be  free  from  shakes,  wanes,  black  and  un- 
sound knots,  and  from  aXl  other  defects  whid^  would  impair  its  strength  in 
any  way. 

The  contractor  shall  furnish  at  his  own  expense  all  necessary  bolts,  drift 
bolts,  spikes,  nails  and  other  material  or  hardware  called  for  on  the  plans 
or  in  the  specifications. 

Construction.^The  contractor  shall  provide  experienced  workmen  and 
ample  and  suitable  equipment  and  tools  for  performing  the  work,  and  shall 
follow  only  well  recogmzed  methods  in  preparing  the  timber  and  framing 
and  erecting  the  structure. 

Where  concrete  or  masonry  piers  or  abutments  are  called  for  on  the  plans, 
they  shall  be  constructed  in  accordance  with  the  requirements  of  the  plans, 
and  of  the  specifications  hereinbefore  given  for  the  particular  kind  of  con- 
crete or  masonry  called  for. 

Payment^Each  log  bridge  superstructure  complete  will  be  paid  for  at 
the  price  bid  per  linear  foot  of  bridge,  as  shown  on  the  plans,  which  shall 
include  all  parts  of  the  bridge  except  abutments  and  piers.  This  amount 
shall  be  payment  in  full  for  all  materials,  labor  and  incidentals,  required  to 
construct  the  bridges  in  accordance  with  the  plans  and  specifications. 

LOG  ABUTMENTS  FOR  BRIDGES 

Lrog  abutments  for  bridges  will  be  built  according  to  the  specifications  for 
"Log  Cribbing,"  and  as  shown  on  the  plans,  and  will  be  paid  for  as  Log 
Cribbing." 

LOG  CRIBBING     (U.  S.  FOREST  ROAD  SPECIFICATIONS) 

Ix)g  cribbing  shall  be  built  to  the  lines  and  grades  given  by  the  engineer 
and  constructed  in  conformity  with  the  plans  or  as  directed  by  the  engineer. 
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Material8.-^The  contractor  shall  secure  and  prepare  or  shall  furnish  it 
his  own  expense  aU  neces^ry  logs  timber,  hardwar?.  etc..  un^r  th^cl 

^'''cnn^^.^^^'M'''  "?k1^'  *H^,?1^"«  "Material"  for  "Log  Brf^' 

1  f  onstruction.— The  cnbbing  shall  be  supported  on  mudsillT^th  flattassJ 
lower  surfaces  placed  as  shown  on  the  plans.  "-i-^s^ 

All  logs,  including  face  logs,  tie  logs,  mudsills  and  anchor  logs,  shall  bt 
properly  notched  together  and  drift  bolted  as  shown  on  the  pla^ 
w-ir®  mimmum  lengths  and  sizes  of  logs  shall  be  as  shown  on  the  plan 
iSach  course  of  logs  shall  break  joint  with  the  adjacent  courses.     The  leoctks 

2  \\u^^  required  for  the  proper  support  and  anchorage  of  the  cribfef 
shall  be  as  determined  by  the  engineer. 

♦t,'^^®J*r®  *"i^  **®  ^9«s  *re  to  be  so  notched  together,  and  hewn  if  necessair 
that  the  face  logs  will  be  in  contact  with  each  other  throughout  their  entm 
length,  except  that  xn  case  a  satisfactory  rock  backfill  is  placed  against  the 
^^^^C^.^  engineer  may  permit  open  spaces  not  exceeding  4  inches  k 
width  between  the  face  logs.  When  permission  to  use  such  spaces  is  gim 
the  rock  backfill  shall  be  carefully  placed,  using  the  larger  rocks  adK 
to  the  logs  and  backing  up  with  the  smaller  rocks  in  such  manner  that  eartk 
and  finer  matenal  will  not  escape  or  be  washed  out. 

Payment.--Payment  will  be  made  by  the  linear  foot  of  face  Ioks  in  olacr 
complete  at  the  unit  bid  price,  which  price  shall  include  the  f urmshine  and 
placing  of  transverse  mudsills,  tie  logs,  anchor  logs  and  drift  boltsT^ud 
£^*iJ^«^  pnce  shall  be  payment  m  full  for  all  materials,  labor,  excavatica. 
backfilling  and  incidental  work  required  for  the  construction  of  the  cribhm 
complete.  The  measurement  of  log  cribbing  shall  include  only  the  lineir 
feet  of  face  logs,  or  longitudinal  mudsills  when  such  are  used,  and  will  not 
include  transverse  mudsills,  tie  logs  Or  anchor  logs. 

CLEARING  AND  GRUBBING  (WASHINGTON  STATE 

SPECIFICATIONS) 

Clearing. — The  right-of-way  must  be  cleared  to  the  width  of  feet 

on  each  side  of  the  center  line,  or  as  shall  be  designated  by  the  engineer 
all  trees,  brush,  and  other  vegetable  matter  within  the  space  designated 
to  be  cut  down,  and  the  same,  together  with  all  other  logs,  brushwood  and 
fences  already  down,  shall  be  burned  or  removed  from  the  ground's,  as 
the  engineer  may  direct,  so  as  not  to  injure  the  adjoining  lands  or  to  obstruct 
the  line  of  the  fences  along  the  boundaries  of  the  said  right-of-way  When 
the  embankments  exceed  two  feet  in  height  it  will  be  "required  to*  cut  the 
trees,  brush,  and  stumps  close  to  the  ground. 

Light  clearing  shall  include  the  removal  of  all  standing  trees  of  a  siie 
up  to  one  foot  in  diameter,  together  with  all  other  logs,  brush,  and  other 
vegetable  matter  alread^r  down  or  lying  loose  on  the  ground. 

Heavy  clearing  shall  include  the  removal  of  all  standing  trees  over  one 
foot  in  diameter,  together  with  all  other  logs,  brush,  and  other  v^retable 
matter  already  down  or  lying  loose  on  the  ground. 

Grubbing.— Froni  the  space  required  for  the  roadbed  and  necessarr 
slopes  and  side  drains,  and  whatever  additional  space  may  be  required  by 
the  engineer,  except  where  the  excavations  are  three  feet  or  more  in  depth, 
or  embankments  two  feet  or  more  in  height,  all  stumps  and  other  wood  or 
vegetable  matter  embedded  in  the  ground  shall  be  grubbed  up.  and  removed 
or  disposed  of  as  the  engineer  may  direct,  and  only  the  area  so  grubbed 
shall  be  estimated. 

Clearing  and  Grubbing  (U.  S.  Forest  Road  Spectflcations); — This  item 
shall  include  all  clearing,  grubbing  and  disposal  of  timber. 

The  right-of-way  must  be  cleared  on  each  side  of  the  center  line  of  the 
road  to  the  full  width  indicated  by  the  plans,  or  as  the  engineer  may  require. 
All  trees,  brush  and  other  vegetable  matter  within  the  space  designated  shall 
be  cut  down  and  all  tree  branches  extending  into  the  right-of-way  whidi 
hang  within  20  feet  of  the  ground  shall  be  cut  off.  The  eoge  of  the  clearing 
shall  present  a  fairly  regular  and  uniform  alignment,  except  that  fine  speci- 
mens of  trees  shall  be  left  standing  when  in  the  judgment  of  the  eng^er 
they  will  not  be  injurious  to  the  road.  All  stumps  and  all  trees,  the  stumps 
of  which  are  not  to.  be  grubbed,  shall  be  cut  not  more  than  2  feet  above  the 
ground. 

Prom  the  space  required  for  the  roadbed  and  necessary  slopes  and  side 
drains  except  where  the  embankments  at  the  point  in  question  are  three  feet 
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lonstroctioii. — The  stakes  set  by  the  engixieer  shall  control  the  line  and 
fmtion  for  each  structure.  If  practicable  the  backfill  within  and  behind 
abutments  shall  be  made  of  stone.  Where  no  stone  is  available,  the 
I  of  the  abutment  shall  be  more  carefully  hewn  so  as  to  form  close  joints 
It  'will  hold  a  backfilling  of  earth.  In  all  cases  the  logs  of  the  abutments 
"^  be  fastened  together  with  five-eighths  inch  drift  bolts, 
le  stringer  logs  shall  be  laid  close  enough  together  to  hold  the  fill  without 
kse  and  an  occasional  stringer  shall  be  spiked  to  the  abutment  in  order 
bold,  the  roof  of  the  culvert  in  place. 

tbe  crib  wings  shall  be  constructed  in  the  same  manner  as  the  abutments. 
nrhere  a  floor  is  called  for,  it  shall  be  constructed  of  stringer  logs  and  in 
!  manner  shown  on  the  plans. 

^yment. — Pavment  for  log  culverts  shall  be  at  the  unit  bid  price  per 
Bar  foot  of  culvert  measured  along  the  center  line  of  culvert.  The  bid 
ce  for  each  size  of  culvert  shall  be  payment  in  full  for  all  labor  and  mate- 
Is  entering  into  any  culvert  of  that  size  and  the  necessary  excavation  and 
ckfilling  therefor. 

LOG  BRIDGES     (U.  S.  FOREST  ROAD  SPECIFICATIONS) 

Loff  bridges  shall  be  constructed  in  conformity  with  the  plans  or  where 
rected  bv  the  engineer. 

Materisis. — ^The  logs  used  in  constructing  log  bridges  shall  be  of  the  species 
Ued  for  on  the  plans.  If  Government  owned  stumpage  is  available,  the 
ja  may  be  cut  either  from  the  right-of-way  or  adjacent  Government  land, 

the  engineer  may  direct,  and  the  engineer  will  m  all  such  cases  indicate 
e  trees  to  be  used,  which  shall  first  haVe  been  designated  by  a  forest  official, 
he  tops  and  branches  of  trees  shall  be  disposed  otas  provided  in  the  speci- 
:ations  for  **  Clearing  and  Grubbing,"  as  hereinbefore  given. 

When  suitable  Government  owned  stumpage  is  not  available  the  timber 
lall  be  furnished  by  the  contractor  at  his  own  expense. 

The  logs  shall  be  straight,  sound  and  free  from  defects  of  all  kinds  and 
lall  be  cut  from  live  trees  as  far  in  advance  of  use  as  possible,  but  not  ex- 
$eding  one  year,  and  be  allowed  to  season  with  the  bark  on.  Immediately 
sfore  use  in  the  work  idl  bark  shall  be  peeled  and  the  logs  trimmed  smooth 
I  aU  knots  and  projections. 

All  lumber  for  flooring,  railings,  etc.,  shall  be  of  the  kind  and  dimensions 
idicated  on  the  plans  and  shall  be  free  from  shakes,  wanes,  black  and  un« 
mnd  knots,  and  from  all  other  defects  which  would  impair  its  strength  in 
ny  way. 

The  contractor  shall  furnish  at  his  own  expense  all  necessary  bolts,  drift 
olts,  spikes,  nails  and  other  material  or  hardware  called  for  on  the  plans 
r  in  the  specifications. 

Construction. — The  contractor  shall  provide  experienced  workmen  and 
mple  and  suitable  equipment  and  tools  for  performing  the  work,  and  shall 
>llow  only  well  recognized  methods  in  preparing  the  timber  and  framing 
nd  erecting  the  structure. 

Where  concrete  or  masonry  piers  or  abutments  are  called  for  on  the  plans, 
bev  shall  be  constructed  in  accordance  with  the  requirements  of  the  plans, 
nd  of  the  specifications  hereinbefore  given  for  the  particular  kind  of  con-« 
rete  or  masonry  called  for. 

Payment. — Each  log  bridge  superstructure  complete  will  be  paid  for  at 
he  price  bid  per  linear  foot  of  bridge,  as  shown  on  the  plans,  which  shall 
delude  all  parts  of  the  bridge  except  abutments  and  piers.  This  amount 
hall  be  pavment  in  full  for  all  materials,  labor  and  incidentals,  required  to 
instruct  the  bridges  in  accordance  with  the  plans  and  specifications. 

LOG  ABUTMENTS  FOR  BRIDGES 

Log  abutments  for  bridges  will  be  built  according  to  the  specifications  for 
'Log  Cribbing,"  and  as  shown  on  the  plans,  and  will  be  paid  for  as  "Log 
Mbbing." 

LOG  CRIBBING     (U.  S.  FOREST  ROAD  SPECIFICATIONS) 

Log  cribbing  shall  be  built  to  the  lines  and  grades  given  by  the  engineer 
ind  constructed  in  conformity  with  the  plans  or  as  directed  by  the  engineer. 
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Mid  Rode— Solid  nick  win  indode  all  rode  in  place,  and  booldos 
uring  on^half  cubic  yard  and  upwards,  in  renx>ving  wtdch  it  ia 
to  retort  to  drilling  and  blasting. 

Men-rock  BzcaTatios. — SheU-rock  excavation  win  include  aU  depa« 
composed  entirely  of  rock  in  masses  of  less  than  one  cubic  foot  which  bn 
brolttn  off  from  the  cliffs  above  the  roadbed,  but  win  omly  be  estiiuilii 
when  in  targe  deposits. 

Solid  Row  Borrow. — Solid  rock  borrow  shatt  consist  of  solid  rock,  maxti 
ing  to  above  classification,  excavated  outside  of  the  regular  cross-sectiai 
of  the  cuts  for  the  roadbed,  and  placed  and  measured  in  embaakmfHtt. 

EXCAVATION  (NBW  YORK  STATB  SPBOFICATIONS,  ITEMS  HO.: 

TO  46) 


Item  2 — ^Earth 

Item  3 — ^Rock  Excavation 

3.1.  Under  these  items  the  Contractor  shaU  grade  the  entire  length  of 
roadway,  ditches  and  side  slopes  to  the  required  hues  and  grades;  shaH  nob 
all  excavations  for  culverts,  under-drains,  catch  basins,  leachiofir  Kayn^  ui 
other  structures  except  posts;  shaU  grade  connecting  public  highways  a 
directed  and  remove  spongy  material  from  the  sub-grade  to  the  dqith 
required — aU  as  shown  on  the  plans  or  as  directed  bv  the  Bngineer. 

lliis  item  includes  the  excavation,  filling  and  rolling  ne<%ssary  to  oa» 
plete  the  road  and  all  structures  connected  therewith  except  as  noted  aboic 
and  includes  the  removal  of  all  objectionable  material  for  the  f uU  width  i 
the  improvement  except  as  noted  under  section  i.i.  and  the  filling  to  ^ 
required  grade  with  acceptable  material  of  aU  areas  originally  below  t^ 
required  grade,  or  excavated  below  grade  under  orders  of  the  Bngineer. 

Backfill  for  structures,  old  macadam  excavated,  and  sod  ordered  removEC 
from  the  site  of  a  new  embankment,  shall  be  paid  for  as  Earth  Bxcavatios. 

2.2.  All  suitable  materials  from  the  excavation  shaU  be  used  so  far  tf 
practicable  in  nuJdng  embankments,  building  up  low  places  on  the  seb* 
grade  or  shoulders,  and  such  other  places  as  directed. 

3.3.  Surplus  material  shall  be  placed  in  embankmeTts,  shall  be  used  for 
extending  the  shoulders  or  shall  be  deposited  in  spoil  banks,  as  directei 
by  the  engineer.  All  surplus  materials  shall  be  removed  and  disposed  oif  ai 
directed  by  the  engineer  Mfore  the  sub-grade  or  shoulder  rolling  is  compldei 
and  before  any  stone  is  placed  on  the  roadway. 

2.4.  If  there  is  not  sufficient  suitable  material  to  complete  the  gradJai 
and  to  bring  the  sub-grade  to  the  required  height,  the  contractor  shal 
borrow  additional  material  from  the  sides  of  the  roadway  or  from  other 
borrow  pits  as  directed  by  the  engineer  so  that  the  established  grade  bt 
the  road,  embankments,  etc.,  will  be  secured.  AU  borrow  pits  outside  the 
highway  shall  be  acquired  by  the  Contractor  at  his  own  ex:i>ense,  and  any 
borrow  pits  in  or  adjacent  to  the  highway  shall  be  left  in  a  neat  and  satii' 
factory  condition  and  shall  be  thoroughly  drained. 

2.5.  The  contractor  shall  remove  boulders  and  aU  muck,  quidksaal 
soft  clay  and  spongy  material  which  will  not  consolidate  under  the  roOo. 
from  the  sub-grade  to  a  depth  to  be  determined  by  the  engineer,  and  refil 
the  space  with  acceptable  materials  from  the  excavations,  or  with  stone  or 
gravel,  as  directed.  If  stone  or  gravel  is  used,  the  same  wiU  be  paid  for 
at  the  contract  price  bid  for  item  "Foundation  Course. "  After  i£  dniai 
have  been  laid  and  the  suiiace  of  the  sub-grade  has  been  i>roperly  shaped, 
it  shall  be  thoroughly  rolled  and  compacted  with  an  approved  self-propdled 
roller  weighing  not  less  than  10  tons.  Water  puddling  shall  be  resorted 
to  in  case  the  soil  requires  it.  Care  shall  be  taken  not  to  roll  clay  fonnda> 
tions  too  much,  thus  developing  a  plastic  condition.  All  hollows  sol 
depressions  which  develop  shall  be  filled  with  acceptable  material,  and  thr 
sub-grade  shall  again  be  rolled.  This  process  of  filling  and  rolling  »i»«Ti  he 
repeated  until  no  depressions  develop.  In  places  where  the  character  d 
the  material  makes  the  use  of  such  a  roller  impracticable,  a  Ughter  one  miT 
be  permitted.  The  sub-grade  shall  not  be  muddy,  or  otherwise  unsata* 
factory  when  the  foundation  course  is  placed  upon  it.  All  culvots,  ditdies. 
and  drains  shall  be  satisfactorily  completed  to  effectively  drain  the  highwsr 
before  the  placing  of  any  pavement  will  be  permitted.  The  shoulden 
shall  be  rolled  and  left  in  a  compact  and  satisfactory  condition  at  the 
pletion  of  the  pavement. 
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3.6.  Embankment  shall  be  formed  of  suitable  materials.  If  formed  of 
itone»  all  reasonable  precautions  must  be  taken  to  insure  a  solid  embank- 
nent.  The  upper  surface  of  the  embankment  shall  be  rolled  and  left  in  a 
latisfactory  condition  and  approximately  true  to  line  and  grades.  Lange 
ttone  i^all  not  pro^t  withm  6  inches  of  the  finished  sub-grade,  and  all 
lollows,  and  depressions  shall  be  filled  with  the  smaller  stone  £rom  the 
xcavation,  with  gravel  or  with  other  acceptable  material.  Stone  in  em- 
»ankments  shall  not  be  used  nearer  than  6  inches  to  the  surface  of  shoulder. 

Where  the  filling  is  less  than  2  feet  in  depth  all  vegetable  matter  shall  be 
emoved  from  the  original  surface.  Where  necessitated  by  the  existing 
lope,  the  original  surface  shall  be  trenched  or  otherwise  broken  up  before 
placing  new  embankment  thereon. 

Bmbankment  shall  be  constructed  in  successive  horizontal  layers  not 
ixceeding  12  inches  in  thickness;  when  concrete  is  to  be  placed  thereon, 
hese  layers  shall  not  ej^ceed  6  inches  in  thickness.  Each  layer  shall  extend 
kcross  the  entire  fiU  and  shall  be  thoroughly  rolled  ana  compacted  by 
approved  methods.  If  impracticable  to  use  a  heavy  roller  for  this  work  a 
rrooved  roller  shall  be  used. 

2.7.  At  all  intersecting  public  highways  the  contractor  shall  grade  back 
o  a  sufi&cient  distance  with  acceptable  materials,  as  directed  by  the  engineer 
o  that  fL  smooth  riding  and  satisfactory  junction  will  be  produced. 

3.8.  inie  quantity  of  excavation  to  be  paid  for  under  Items  2  and  3  shall 
ye  the  number  of  cubic  yards  of  material,  measured  in  its  original  i>osition, 
ixcavated  and  disposed  of  as  directed  by  the  Engineer,  and  the  limits  shall 
lot  exceed  those  shown  upon  the  plans  or  fixed  by  the  Engineer. 

The  price  bid  for  Earth  Excavation  shall  include  the  removal  of  all 
naterials*  as  specified  under  section  2.i-~-except  as  provided  below  for 
'Rock  Excavation," — the  placing  of  same  in  embankment  or  spoil,  the 
■oiling,  compacting,  grading  and  all  other  work  incidental  thereto. 

No  direct  payment  shall  be  made  under  Items  2  or  3  for  work  in  connection 
mth  contractor's  plant,  nor  for  his  other  requirements  in  carrying  out  the 
;>rovi8ions  of  this  contract,  but  compensation  therefor  shall  be  considered 
IS  having  been  included  in  the  prices  stipulated  for  the  various  items  of 
;he  contract. 

The  price  bid  for  Item  3  shall  include  the  removal  of  all  boulders  of  more 
;han  13  cubic  feet  and  all  hard  ledge  rock  and  the  placing  of  same  in  em- 
bankment or  spoil  if  not  used  under  other  items  of  the  contract,  and  rolling, 
compacting,  grading  and  all  other  work  incidental  thereto.^  Boulders  of 
ess  than  13  cubic  feet,  and  all  soft  or  disintegrated  rock  which  can  be  re- 
moved with  pick  and  shovel,  shall  not  be  paid  for  under  Rock  Excavation, 
but  under  "Earth  Excavation."  The  price  bid  for  the  items  shall  include 
ill  labor,  materials,  supplies,  and  plant  and  incidentals  necessary  to  com- 
plete the  work. 

Item  4 — Overhatil 

4.1.  If  the  haul  on  an^  material  either  from  cuts  or  borrow  pits  made 
in  accordance  with  directions  from  the  Engineer  exceeds  2000  feet  it  shall 
be  classified  as  overhaul. 

For  each  100  feet  of  haul  greater  than  2000  feet  the  Contractor  shall 
receive  the  price  bid  for  Overhaul  per  cubic  yard  of  all  material  so  moved, 
measured  in  its  original  position. 

The  price  bid  shall  include  all  labor,  appliances,  and  incidentals  necessary 
to  complete  the  work. 

Item  5— Vitrified  Clay  Pipe 

5.1.  Under  this  item  the  Contractor  shall  furnish  and  place  vitrified 
pipe  where  directed  by  the  Engineer. 

5.2.  Pipe  shall  be  first  quality,  double  strength,  salt  glazed,  sound, 
vitrified,  stoneware  sewer  pipe  with  bell  joints.  (For  dimensions  and  weight 
of  vitrified  pipe  see  page  560.) 

5.3.  All  pipe  shall  be  laid  true  to  line  and  grade  with  bells  upstream, 
and  shall  have  a  full,  firm  and  even  bearing.  The  joints  shall  be  filled  with 
jute  and  mortar  consisting  of  one  part  Portland  cement  and  two  parts  sand. 

5.4.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 
of  linear  feet  of  pipe  incorporated  in  the  work  imder  the  directions  and 
to  the  satisfaction  of  the  Engineer. 

The  price  bid  shall  include  the  furnishing  and  laying  and  all  materials 
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and  incidentals  necessary  thereto,  except  that  all  excavation  in  comwctiDS 
therewith  will  be  paid  for  under  item  "Excavation." 

Item  6 — ^Vitrified  Clay  TTnderdrains 

6.1.  Under  this  item  the  Contractor  shall  furnish  and  lay  6-inch  salt 
glazed  vitrified  pipe  wherever  required  for  drainage. 

6.2.  The  pipe  shall  be  laid  true  to  line  and  grade  with  the  beUs  up  grade. 
A  strap  of  burlap  at  least  6  inches  wide  and  long  enough  to  reach  around 
the  pipe  and  lap  at  least  i  foot  shall  be  wrapped  around  each  joint  of  pipe 
to  give  double  thickness  on  the  top  and  to  act  as  a  strainer.  The  pipe 
shall  be  covered  as  laid  with  clean  gravel  or  broken  stone  of  No.  2  or  No.  3 
size  placed  around  and  above  it  to  the  surface  of  the  sub-grade. 

6.3.  The  amount  to  be  paid  ior  under  this  item  shall  be  the  number  d 
linear  feet  of  pipe  furnished  and  incorporated  in  the  work. 

The  price  bid  shall  include  all  labor,  materials,  and  incidentals  necessary 
to  complete  the  work,  except  that  the  necessary  excavation  will  be  paii 
for  under  item  "Excavation,"  and  the  necessary  broken  stone  will  be  paid 
for  under  item  "Broken  Stone,  Loose  Measurement." 

Item  7 — Porous  Tile  Underdrain 

7.1.  Under  this  item  the  Contractor  shall  furnish  and  lay  6-inch~poroia 
tile  wherever  required  for  drainage. 

7.2.  The  tile  must  be  whole  and  free  from  cracks  and  other  defects,  and 
must  be  satisfactory  to  the  Engineer. 

7.3.  The  tile  shall  be  laid  true  to  line  and  grade  and  shall  be  covered 
as  laid  with  clean  gravel  or  broken  stone  placed  around  and  above  it  to 
the  surface  of  the  sub-grade. 

7.4.  The  amount  to  be  paid  for  under  this  item  shall  be  the  number 
of  linear  feet  of  pipe  furnished  and  incorporated  in  the  work. 

The  price  bid  shall  include  all  labor,  materials,  and  incidentals  necessaiy 
to  complete  the  work,  except  that  the  necessary  excavation  will  be  paid 
for  under  item  "Excavation,"  and  the  necessary  broken  stone  will  be  paid 
for  under  item  "Broken  Stone,  Loose  Measurement." 

Item  8 — Concrete  Leaching  Basins 

8.1.  Under  thi^  item  the  Contractor  shall  build  at  places  indicated  oa 
the  plan  or  ordered  by  the  Engineer,  concrete  leaching  basins  of  a  type 
shown  on  the  detail  plans. 

8.2.  The  concrete  used  in  these  basins  shall  be  second-class  concrete. 

8.3.  The  grating  shall  be  of  cast  iron  of  the  quality  specified  in  iten 
** Miscellaneous  Iron  and  Steel." 

8.4.  For  each  basin  completed,  the  Contractor  shall  receive  the  price  bii 
The  price  bid  shall  include  all  concrete,  stone,  grating,  and  all  materiaL 

labor  and  incidentals  necessary  to  complete  the  work,  except  that  tbe 
excavation  will  be  paid  for  under  item  "Excavation." 

Item  9 — Vitrified  Leaching  Basins 

9.1.  Under  this  item  the  Contractor  shall  build  at  places  indicated  on 
the  plans  or  ordered  by  the  Engineer,  leaching  basins  of  a  type  shown  oa 
the  detail  i)lans. 

9.2.  Vitrified  pipe  shall  be  of  double  thickness,  sound,  and  thoroughly 
tamped  in  place. 

9.3.  The  broken  stone  used  for  filling  shall  be  No.  4  broken  stone  or  gravel 

9.4.  The  grating  shall  be  of  cast  iron  of  the  quality  specified  in  item 
"  Miscellaneous  Iron  and  Steel." 

9.5.  For  each  basin  completed  in  accordance  with  plans  and  under  ordeis 
of  the  Engineer,  the  Contractor  shall  receive  the  price  bid. 

The  price  bid  shall  include  all  materials,  labor  and  appliances,  and  ,all 
expenses  incidental  to  completing  the  work,  except  the  excavation — which 
last  will  be  paid  for  under  item  "Excavation." 
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Item  zo — Catch  Basins 

ZO.Z.  Under  this  item  the  Contractor  shall  build  catch  basins  as  shown 
on  the  plans,  as  directed  by  the  Engineer. 

10.2.^  The  catch  basins  may  be  built  of  second-class  concrete  or  of  accept- 
able brick  at  the  option  of  the  Contractor.  If  bricks  are  used  they  shall  be 
sound,  hard  burned  brick  of  acceptable  quality,  and  shaU  be  laid  by  a 
competent  mason  and  in  a  workmanlike  manner.  Mortar  of  one  part 
Portland  cement  and  two  ^arts  sand  shall  be  used. 

10.3.  For  each  catch  basin  complete  with  cast  iron  top,  as  shown  on  plans 
and  ordered  b^  the  Bn^neer,  the  Contractor  shall  receive  the  price  bid. 

The  price  bid  shall  mclude  all  labor,  materials  and  incidentals  required 
to  complete  each  basin,  except  that  the  excavation  will  be  paid  for  under 
item  "Excavation." 

DROP  INLETS 

Drop  inlets  shall  be  constructed  where  shown  «pon  the  xdans,  or  directed 
by  the  Engineer.    The  details  of  construction  shall  be  such  as  he  may  direct. 

Payment  for  drop  inlets  will  be  made  under  appropriate  items  at  the 
contract  price  for  the  materials  entering  into  then*  construction;  that  is, 
payment  will  be  made  for  the  various  amounts  of  excavation,  concrete, 
cast  iron,  cast-iron  pipe,  etc  Payment  under  these  items  shi^  include  all 
labor  and  materials  necessary  to  complete  the  work. 

Item  zz — Changing  Elevation  of  Manholes  and  Catch  Basins 

ii.i»  Under  this  item  the  Contractor  shall  raise  or  lower  to  the  grade 
given  all  existing  covers  of  catch  basins  or  manholes. 

II. 3.  All  changes  shall  be  made  with  acceptable  brick  laid  in  Portland 
cement  mortar  of  one  part  cement  and  two  parts  sand. 

All  work  shall  be  done  in  a  workmanlike  manner  bv  competent  masons. 

1 1.3.  For  each  manhole  or  catch  basin  raised  or  lowered  as  dhected  by 
the  Engineer,  the  Contractor  shall  receive  the  unit  price  bid. 

The  price  bid  shall  include  all  labor,  materials  and  incidentals  necessary 
to  complete  the  work.  If  any  manhole  or  catch  basin  heads  or  covers  are 
broken  tnroujjh  carelessness  on  the  part  of  the  Contractor,  they  shall  be 
replaced  at  his  expense. 

Item  Z3— 'Cast-iron  Pipe 

13. 1.  Under  this  item  the  Contractor  shall  furnish  and  place  cast-iron 
pipe  as  directed  for  culverts*  drains  and  other  necessary  uses,  and  oi  the 
sizes  and  weights  ordered. 

12.3.  Pipe^shall  be  of  class  A  unless  otherwise  called  for  by  the  plans  or 
ordered  in  writing  by  the  Division  Engineer,  and  may  be  second  quality; 
but  it  shall  be  free  from  all  defects  impairing  its  strength  or  utihty.  The 
iron  must  be  of  good  qualitv,  uniform  in  thickness  and  of  full  strength. 
The  pipe  shall  be  coated  with  coal-pitch  varnish  mixed  with  linseed  oU  to 
form  a  firm,  tough  coating.  Joints  shall  be  formed  by  caulking  into  the 
hubs  a  gasket  of  jute  or  oakum  and  then  filling  with  mortar  composed  of 
equal  parts  of  Portland  cement  and  dean,  sharp  sand.  It  shall  be  laid  true 
to  line  and  grade  and  shall  have  a  fuU,  firm,  even  bearing. 

13.3.  The  number  of  tons  of  cast-iron  pipe  to  be  paid  for  under  this 
item  shall  be  the  actual  w^ht  in  place  m  the  work  as  directed  by  the 
Engineer  when  of  class  A,  or  an  equal  weight  when  of  heavier  class;  except 
that  when  a  heavier  weight  is  used  under  written  order  of  the  Division 
Engineer,  such  weight  shall  be  paid  for. 

The  price  bid  shall  include  the  furnishing,  delivering,  handling,  lajring, 
cutting  and  all  work  and  materials  necessary  to  complete  the  work. 

Item  Z3 — Relaying  Old  Pipe 

13*  X.  Under  this  item  the  Contractor  shall  as  directed  carefully  remove^ 
preserve  and  relay  old  pipe  found  in  existing  culverts. 
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13.2.  The  old  pipe  when  relaid  shall  be  true  to  line  and  grade  and  have  1 
tuU,  firm,  even  bearing,  and  the  work  shall  be  in  every  way  the  same  as  if 
new  pij)e  were  bein^  laid. 

13.3.  Any  old  pipe  in  good  condition  which  is  damaged  in  removing. 
due  to  the  carelessness  of  the  Contractor,  shall  be  replaced  with  new  pipe 
at  the  Contractor  s  expense. 

Any  old  pipe  which  is.  in  the  Engineer's  judgment,  unfit  for  relaying  mar 
be  destroyed  before  removing. 

13.4.  The  amount  to  be  paid  for  under  this  item  shall  be  the  nnmbr 
of  linear  feet  incorporated  m  the  work.  New  pipe  furnished  to  replace 
old  pij>e  which  is  destroyed  through  the  carelessness  of  the  Contractor  sha! 
be  paid  for  as  if  the  old  pipe  had  been  preserved  and  relaid. 

The  price  bid  shall  include  all  labor,  materials  and  incidentals  necessarr 
to  complete  the  work,  except  that  the  excavation  necessary  will  be  paid  for 
under  the  item  •'Excavation." 

Item  14 — Stone  Filling 

14. 1.  Under  this  item  the  Contractor  shall  furnish  and  place  acceptable 
stone  of  either  quarry,  field  or  cobble  stone  for  filling  crib  work,  and  similar 
work  as  required. 

I4.a.  Stone  filling  shall  be  of  acceptable  quarry,  field  or  cobble  stooe. 
The  larger  stones  shall  be  properly  embedded  at  the  bottom  of  the  fill;  aH 
stones  ^all  be  so  placed  as  to  make  a  fill  of  maximum  stability. 

14.3.  The  quantity  to  be  i>aid  for  under  this  item  shall  be  the  number 
of  cubic  yards  measured  in  its  final  position  and  incorporated  in  the  work 
as  directed  by  the  Engineer.  The  price  stipulated  shall  include  the  cost 
of  obtaining  the  stone,  placing,  and  all  materials  and  expenses  incidental 
thereto. 

Item  15 — Piles 

1 5. 1.  Under  this  item  the  Contractor  shall  furnish  and  drive  pUes  of 
acceptable  material  and  lengths  for  foundations,  revetment  and  elsewhoe 
as  required. 

15.2.  Piles  shall  be  furnished  to  fit  the  localities.  The  Contractor  shall 
when  required,  drive  preliminary  test  piles,  each  of  which  will  be  paid  for 
at  the  contract  price  therefor.  After  the  test  piles  are  driven  a  statemeo! 
will  be  furnished  the  Contractor  by  the  Engineer,  showing  for  the  informa- 
tion of  the  Contractor  the  probable  number  of  piles  of  the  different  lands 
required,  grouped  between  certain  lengths  in  feet. 

15.3.  Piles  shall  be  driven  by  hammer  or  combination  of  hammer  and 
water  jet  methods,  and  the  driving  shall  be  satisfactory  to  the  Engineer 
in  every  case.  In  driving  piles  the  heads  shall  be  protected  from  mjorr 
by  a  cap  or  shall  be  banded  if  required.  The  fall  of  the  hammer  shall  not 
exceed  ao  feet,  and  shall  be  regulated  so  as  not  to  injure  or  shatter  the  pile- 
Driving  shall  continue  until  the  penetration  and  bearing  values  are  satis- 
factory to  the  Engineer. 

IS' A*  The  tops  of  all  piles  shall  be  sawed  level  and  true  to  the  elevatio: 
fixed  oy  the  Engineer. 

15.5.  Broken,  split  or  misplaced  piles  shall  be  drawn  and  properly  n* 
placed.  Piles  driven  below  the  grade  fixed  by  the  Engineer  shall  be  dram 
and  replaced  by  new.  and  if  necessary,  l9nfrer,  piles.  No  payment  wSl  be 
made  for  driving  or  withdrawing  piles  so  injured  or  misplaced. 

15.6.  The  number  of  linear  feet  paid  for  under  this  item  shall  be  the  tota! 
length  of  piles  driven  in  accordance  with  plans  or  orders  of  the  Engineer. 

The  price  bid  shall  include  the  furnishing  and  delivering  upon  the  wort 
the  peeling,  banding,  tenoning,  framing,  driving,  painting  and  all  other 
labor  and  incideiitals  necessary  to  complete  the  work. 

Item  16 — Timber  and  Lumber 

z6.i.  Under  this  item  the  Contractor  shall  furnish  timber  and  lumber 
of  various  sizes  as  may  be  ordered  for  sills  or  platforms  beneath  the  road, 
for  culverts,  bridges,  reinforcing  existing  structures  and  for  other  similar 
purposes  as  ordered  bv  the  Engineer. 

16,2,  Timber  and  lumber  shall  be  of  short  leaf  yellow  pine  or  spmct 
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:>r  other  acceptable  kind,  sound,  sqttare-edged,  £ree  from  shakes,  loose 
knots  or  decay,  and  shall  be  planed,  and  tongued-and-grooved  if  required. 

16.3.  No  payments  will  be  made  under  this  item  for  timber  or  lumber 
for  forms,  moulds,  or  centers,  for  sheeting  or  bracing,  scaffolds,  fences, 
gfuard  rails  or  any  part  of  the  contractor's  temporary  bridges,  roads,  or 
plant:  but  payment  for  timber  and  lumber  used  in  the  above  cases  shall  be 
included  under  the  appropriate  items  covering  the  same.^ 

16.4.  The  quantitv  of  timber  and  lumber  to  be  paid  for  shall  be  the 
number  of  thousand  feet,  board  measure,  actually  placed  in  accordance 
•with  orders  of  the  Engineer.  If  any  round  timber  is  used  it  shall  be, esti- 
mated as  square  timber  of  the  largest  size,  omitting  fractions  of  an  inch, 
which  can  be  inscribed  in  the  small  end  of  the  log. 

No  second  hand  timber  shall  be  used  except  with  the  approval  of  the 
Bngineer.  The  price  bid  shall  include  all  bolts,  spikes  and  other  fastenings 
and  all  other  material  expenses  incidental  to  furnishing,  framing  and  placing 
the  timber  and  lumber  satisfactorily. 

Item  17 — Rip-rap    ' 

Z7.I.  Under  this  item  the  Contractor  shall  furnish  and  place  rip-rap 
for  slope  protection  where  shown  upon  the  plans  or  ordered  by  the  Bngineer. 

17.2.  Rip-rap  shall  consist  of  field  stone  or  rough,  unhewn  quarry  stones 
as  nearly  cubical  in  form  as  is  practicable,  placed  upon  a  slope  not  steeper 
than  the  angle  of  repose,  and  so  laid  that  the  weight  of  the  large  stones  is 
carried  by  the  soil  and  not  by  the  stones  adjacent.  Fifty  per  centum  of  the 
mass  shall  be  large  stones  ox  two  cubic  feet  or  more.  Ilie  largest  stones 
shall  be  placed  first,  roughly  arranged  and  in  close  contact;  the  stones  shall 
rest  upon  a  6-inch  bed  of  stone  chips  or  gravel  or  other  acceptable  porous 
material,  where  ordered  by  the  Engineer.  The  spaces  between  the  larger 
stones  shall  be  filled  with  spalls  of  suitable  size. 

17.3.  The  quantity  of  rip-ra^  to  be  paid  for  under  this  item  shall  be  the 
number  of  cubic  yards  placed  in  accordance  with  the  plans  or  as  directed 
by  the  Engineer.  When  a  porous  bed  is  placed  in  accordance  with  the 
directions  of  the  Engineer,  the  quantity  of  the  same  shall  be  included  in  the 
quantity  of  rip-rap  and  paid  for  as  such. 

The  price  bid  shall  include  all  labor,  materials  and  incidental  expenses 
necessary  to  satisfactorily  complete  the  work. 

CONCRETE  MASONRY 

Item  18 — ^First-Class  Concrete 

Item  19 — Second-Class  Concrete 

Item  ao — Thtrd-Class  Concrete 

x8.i.  Under  Items  18,  19  and  20  the  Contractor  shall  place  concrete 
of  the  class  indicated  on  the  plans  or  ordered  by  the  Engineer,  for  culverts, 
abutments,  wing  walls  and  in  other  structures  as  directed  by  the  Engineer. 

This  item  shall  npt  include  concrete  used  in  curbs,  catch-basins,  edging, 
sign  posts,  guard  railing,  resetting  old  curb,  concrete  pavement  foundations 
or  "  Concrete  Pavements"  or  in  other  structures  for  which  there  is  a  contract 
item,  unless  it  is  specifically  stated  under  that  item  that  such  shall  be  the 
case.  All  concrete  placed  in  the  work,  whether  included  under  Items  18, 
19.  or  20  or  under  other  items,  shall  conform  to  the  requirements  for  concrete 
of  the  class  specified. 

18.2.  Concrete  shall  consist  of  approved  Portland  cement,  a  fine  aggregate 
of  sand,  and  a  coarse  aggregate  of  broken  stone  or  gravel,  mixed  in  the 
proportions  specified  for  the  various  classes  given  b^ow.  Samples  of  all 
these  ingredients  shall  be  submitted  to  and  approved  by  the  Bureau  of 
Tests,  and  shall  be  acceptable  to  the  Engineer  before  being  used  in  the  work. 

18.3.  Concrete  will  be  classified  as  follows: 

FirsU-class  concrete  shall  be  made  of  one  part  Portland  cement,  two  parts  of 
No.  I  or  No.  2  sand  (see  page  718)  and  four  parts  of  coarse  aggregate. 

Second-class  concrete  shall  be  made  of  one  part  Portland  cement,  two  and 
one-half  parts  of  No.  2  or  No.  3  sand,  and  five  parts  of  coarse  aggregate. 

Third-class  concrete  shall  be  made  of  one  part  of  Portland  cement,  three 
parts  of  No.  3  sand,  and  six  parts  of  coarse  aggregate. 
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quirements  of  cement  for  *^  Concrete"  and  two  parts  of  approved,  clean  saod 
mixed  with  sufficient  water  to  form  a  plastic  mortar. 

When  corrugated  metal  pipe  sections  are  to  be  joined  on  the  work  the  ends 
shall  be  butted  together  and  the  sections  j<nned  with  the  band  coupler 
securely  bolted  in  place. 

The  filling  around  the  pipe  shall  be  made  in  layers  with  approved  material 
free  from  xock  and  each  layer  shall  be  tamped  thoroughly  around  and  over 
the  pipe  to  the  elevation  of  the  original  ground  surface.  The  material  sup- 
porting the  lower  half  circumference  of  the  pipe  shall  be  umformly  and  se- 
curdy  tamped  to  give  proper  support  without  displacixig  the  pipe. 

Payment^^All  pipe  culverts  will  be  paid  for  by  the  linear  foot  in  place  at 
the  respective  prices  bid  for  the  different  kinds  of  pipe.  These  prices  shall 
be  payment  in  full  for  all  pipe,  joint  material,  etc.,  and  for  all  labor  employed 
in  excavation,  backfilling,  laying  the  pipe  and  filling  the  joints,  but  will  not 
include  payment  for  masonry  or  concrete  end  walls. 

POROUS  TILE  (NSW  YORK  STATE  SPECIFICATIONS) 

Where  called  for  on  the  plans,  or  ordered  by  the  engineer,  porot^  tik 
shall  be  laid  true  to  line  and  grade,  and  firmly  bedded  in  clean  cinders, 
gravel,  or  crushed  stone.  The  tile  must  be  whole  and  free  from  cracks  and 
other  defects,  and  must  be  satisfactory  to  the  engineer. 

TIlftBER 

(Washington  Statb  Spbcifications) 

Quality  of  Timber  and  Plank. — All  timber  and  plank  in  culvots,  trestle- 
work,  bridge  abutments,  and  pile  bridges  shall  be  of  good  quality,  of  such 
kinds  as  the  highway  commissioner  may  direct,  free  from  shakes,  wanes, 
black  and  unsound  knots,  and  all  descriptions  of  decay,  and  shall  be  measured 
by  the  thousand  feet,  board  measure;  the  price  shall  be  understood  to  cover 
the  expense  of  all  labor  (including  all  necessary  digging  and  filling  at  the 
ends  of  bridges  where  grading  is  done  before  bridges  are  put  in)  and  materials, 
pins,  or  treenails  required  in  the  i>erformance  of  the  work. 

All  timber  structures  shall  be  built  in  conformity  with  plans  to  be  furnished 
by  the  engineer. 

Piles  and  Pile-driving. — Piles,  whether  used  in  foundations,  trestle- 
work,  or  pile  bridges,  shall  be  of  good,  sound  quality  of  such  timber  as  the 
Highway  Commissioner  may  accept,  not  less  than  ten  inches  in  diameter 
at  the  smaller  end  and  of  such  lengths  as  the  engineer  may  require.  Thej 
shall  be  measured  by  the  lineal  foot  after  they  are  driven  and  cut  off  to 
receive  the  superstructure,  and  the  price  per  lineal  foot  shall  be  understood 
to  cover  the  expense  of  driving,  cutting  off,  removing  the  bark  from  the 
part  above  the  ground,  and  all  other  labor  and  material  required  in  the 
performance  of  the  work;  but  that  portion  of  each  pile  cut  oft  shall  be  esti- 
mated and  paid  for  by  the  lineal  toot  as  "piling  cut  off."  Piles  shall  be 
driven  of  such  lengths  and  to  such  depths  as  the  engineer  may  require.  All 
piles  shall  be  capped  during  the  driving  to  prevent  brooming. 

LOG  CULVERTS  (U.  S.  FOREST  ROAD  SPECIFICATIONS) 

Log  culverts  shall  be  constructed  in  conformity!|[with  the  plans,"or  where 
directed  by  the  engineer. 

lliatwiais. — In  the  construction  of  log  culverts  the  timber  shall  be  of  the 
si>ecies  called  for  on  the  plans.  All  knots  and  projections  shall  be  trimmed 
down  even  with  the  surface  of  the  log,  and  all  bark  shall  be  peeled  off  before 
the  logs  are  used. 

If  Crovemment  owned  stumpage  is  available  the  logs  may  be  cut  either  from 
the  right-of-way  or  adjacent  Government  land,  as  the  engineer  may  direct, 
and  the  engineer  will  in  all  such  cases  indicate  the  trees  to  be  used,  whidi 
shall  first  have  been  designated  by  a  forest  official.  The  tops  and  branches 
of  trees  shall  be  disposed  of  as  provided  in  the  specifications  for  "Clearing 
and  (>rubbing,"  hereinbefore  given.    The  stringer  logs  shall  be  straight. 

When  suitable  Government  owned  stumpage  is  not  available  the  timber 
shall  be  furnished  by  the  contractor  at  his  own  expense. 
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Construction. — The  stakes  set  by  the  engineer  shall  control  the  line  and 
elevation  for  each  structure.  If  practicable  the  backfill  within  and  behind 
the  abutments  shall  be  made  of  stone.  Where  no  stone  is  available,  the 
lofiTS  of  the  abutment  shall  be  more  carefully  hewn  so  as  to  form  close  joints 
that  will  hold  a  backfilling  of  earth.  In  all  cases  the  logs  of  the  abutments 
shall  be  fastened  together  with  five-eighths  inch  drift  bolts. 

The  stringer  logs  shall  be  laid  close  enough  together  to  hold  the  fill  without 
leakage  and  an  occasional  stringer  shall  be  spiked  to  the  abutment  in  order 
to  hold  the  roof  of  the  culvert  in  place. 

The  crib  wings  shall  be  constructed  in  the  same  manner  as  the  abutments. 

Where  a  floor  is  called  for,  it  shall  be  constructed  of  stringer  logs  and  in 
the  manner  shown  on  the  plans. 

Payment. — Payment  for  log  culverts  shall  be  at  the  unit  bid  price  per 
linear  foot  of  culvert  measured  along  the  center  line  of  culvert.  The  bid 
price  for  each  size  of  culvert  shall  be  payment  in  full  for  all  labor  and  mate- 
rials entering  into  any  culvert  of  that  size  and  the  necessary  excavation  and 
backfilling  therefor. 

LOG  BRIDGES     (U.  S.  FOREST  ROAD  SPECIFICATIONS) 

Log  bridges  shall  be  constructed  in  conformity  with  the  plans  or  where 
directed  by  the  engineer. 

Materials. — The  logs  used  in  constructing  log  bridges  shall  be  of  the  species 
called  for  on  the  plans.  If  Government  owned  stumpage  is  available,  the 
logs  may  be  cut  either  from  the  right-of-way  or  adjacent  Government  land. 
as  the  engineer  may  direct,  and  the  engineer  will  in  all  such  cases  indicate 
the  trees  to  be  used,  which  shall  first  haVe  been  designated  by  a  forest  official. 
The  tops  and  branches  of  trees  shall  be  disposed  of  as  provided  in  the  speci- 
fications for  **  Clearing  and  Grubbing,"  as  hereinbefore  given. 

When  suitable  Government  owned  stumpage  is  not  available  the  timber 
shall  be  furnished  by  the  contractor  at  his  own  expense. 

The  logs  shall  be  straight,  sound  and  free  from  defects  of  all  kinds  and 
shall  be  cut  from  live  trees  as  far  in  advance  of  use  as  possible,  but  not  ex- 
ceeding one  year,  attd  be  allowed  to  season  with  the  bark  on.  Immediately 
before  use  in  the  work  all  bark  shall  be  peeled  and  the  logs  trimmed  smooth 
of  all  knots  and  projections. 

All  lumber  for  flooring,  railings,  etc.,  shall  be  of  the  kind  and  dimensions 
indicated  on  the  plans  and  shall  be  free  from  shakes,  wanes,  black  and  un- 
sound knots,  and  from  all  other  defects  which  would  impair  its  strength  in 
any  way. 

The  contractor  shall  furnish  at  his  own  expense  all  necessary  bolts,  drift 
bolts,  spikes,  nails  and  other  material  or  hardware  called  for  on  the  plans 
or  in  the  specifications. 

Construction. — The  contractor  shall  provide  experienced  workmen  and 
ample  and  suitable  equipment  and  tools  for  performing  the  work,  and  shall 
follow  only  well  recogmzed  methods  in  preparing  the  timber  and  framing 
and  erecting  the  structure. 

Where  concrete  or  masonry  piers  or  abutments  are  called  for  on  the  plans, 
they  shall  be  constructed  in  accordance  with  the  requirements  of  the  plans, 
and  of  the  specifications  hereinbefore  given  for  the  particular  kind  of  con- 
crete or  masonry  called  for. 

Payment. — Each  log  bridge  superstructure  complete  will  be  paid  for  at 
the  price  bid  per  linear  foot  of  bridge,  as  shown  on  the  plans,  which  shall 
include  all  parts  of  the  bridge  except  abutments  and  piers.  This  amount 
shall  be  payment  in  full  for  all  materials,  labor  and  incidentals,  required  to 
construct  the  bridges  in  accordance  with  the  plans  and  specifications. 

LOG  ABUTMENTS  FOR  BRIDGES 

Log  abutments  for  bridges  will  be  built  according  to  the  specifications  for 
"Log  Cribbing,"  and  as  shown  on  the  plans,  and  will  be  paid  for  as  Log 
Cribbing." 

LOG  CRIBBING     (U.  S.  FOREST  ROAD  SPECIFICATIONS) 

Log  cribbing  shall  be  built  to  the  lines  and  grades  given  by  the  engineer 
and  constructed  in  conformity  with  the  plans  or  as  directed  by  the  engineer. 
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foundation  for  pavement  or  concrete  pavement  shall  be  laid  when  the 
temperature  falb  below  35  degrees  Fahrenheit. 

18.  X  8.  All  damage  to  or  disfigurement  of  concrete  of  any  kind  occuninc 
prior  to  the  final  acceptance  of  the  work  shall  be  remedied  by  the  Contractor 
at  his  own  exi>ense  and  to  the  satisfaction  of  the  Engineer. 

xS.xp.  No  piece  of  stone  shall  be  left  within  one  inch  of  any  face,  a  broad- 
tined  fork  or  other  implement,  if  approved,  being  thrust  bet-vreen  the  fonn 
and  the  concrete  to  pry  the  fragments  of  stone  back  from  the  face. 

The  top  surface  of  concrete  shall  be  formed  immediately  .after  the  under- 
lying course  is  completed  and  before  this  course  takes  its  initial  set.  The 
top  surface  shaU  be  formed  by  cutting  off  the  excess  with  a  template  and 
shall  then  be  rubbed  smooth  and  hard  with  a  wooden  float  by  skilled  mai. 
As  soon  as  the  concrete  has  sufficiently  set  and  the  Engineer  shall  so  direct 
the  forms  shall  be  removed  and  all  exposed  faces  immediately  finished  by 
being  rubbed  smooth  with  a  mortar  Slock  and  water.  No  plasterisg  of 
any  surface  will  be  allowed,  the  required  finish  being  obtained  by  rubbing 
down  the  irr^rularities  of  the  face.  All  exposed  surfaces  shall  be  smooth, 
dense,  without  pits,  irregularities,  blow  holes  or  bubbles.^  The  surface 
of  cUl  finished  and  unfinished  work  shall  be  kept  wet  for  a  period  of  six  da3fs 
unless  otherwise  directed  by  the  Engineer. 

All  edges,  joints  of  sections  and  angles  which  will  be  exposed  in  the  finished 
structure  shall  be  rounded.  A  radius  of  one  inch  shall  be  used  uzUess  other- 
wise designated  on  the  plans  or  directed  by  the  Engineer. 

x8.20.  Concrete  shall  not  be  laid  in  water  nor  exposed  to  the  actioa 
of  the  water  before  setting,  except  by  written  permission  of  the  Bngineer. 
and  then  in  such  manner  as  he  may  specially  direct. 

x8.2i.  Where  concrete  is  to  rest  on  any  excavated  surface  other  thaa 
rock,  special  care  shall  be  taken  not  to  disturb  the  bottom  of  the  excavation, 
and  the  final  removal  of  material  to  grade  shall  not  be  made  until  jqst 
before  the  concrete  is  laid,  except  in  concrete  foundations  for  pavement 

The  excavation  lines  and  bases  of  structures  shown  on  the  i>lans  ^lal! 
be  considered  as  only  approximate;  and  they  may  be  order^  in  wxitiiV 
by  the  Engineer,  to  be  placed  at  any  elevation  or  of  any  dimensions  that 
will  give  a  satisfactory  foundation.  Any  additional  concrete  that  may  be 
required  by  the  Engineer  below  or  beyond  the  lines  shown  on  the  luaai 
will  be  paid  for  at  the  contract  price. 

No  structure  shall  be  commenced  without  the  Engineer's  approval. 

All  rock  or  hardpan  foundation  surfaces  shall  be  freed  from  loose  pieces. 
cut  to  firm  surfaces  and  cleaned  to  the  satisfaction  of  the  Ensineer,  befoiv 
laying  concrete.  All  seams  shall  be  cleaned  out  and  filled  with  concrete  or 
mortar;  and  pajrment  for  such  cleaning  out  and  filling  shall  be  made  at 
the  contract  price  for  the  class  of  concrete  used. 

i8.aa.  The  quantity  to  be  paid  for  under  Items  18.  19  and  30  shall  be 
the  number  of  cubic  yards  of  the  various  classes  measured  in  place  in  the 
finished  structures  placed  in  accordance  with  the  plans  or  as  ordered  by  the 
Engineer.  No  payment  will  be  made  for  any  concrete  outside  of  these 
limits,  nor  for  any  concrete  whose  placing  is  rendered  necessary  owing  ts 
lack  of  proper  care. 

The  price  bid  for  Items  18,  19  and  20,  respectively,  shall  include  aC 
materials,  forms,  labor  and  other  incidental  expenses  necessary  to  sati»> 
factorily  complete  the  work  as  specified  in  the  foregoing  paragraphs  ff* 
first-classxoncrete,  second-class  concrete  and  third-class  concrete  respectivrir* 

Item  21 — Stone  Masonry 

2 1. 1.  Under  this  item  the  Contractor  shall  fiimish  and  build  all  stooe 
masonry  in  structures  or  elsewhere,  as  shown  upon  the  plans  or  ordered 
by  the  Engineer. 

21.2.  Stone  masonry  shall  be  built  of  clean  stone,  free  from  structural 
defects,  laid  in  full  cement  mortar  beds.  Selected  stone,  roughly  squared 
and  pitched  to  line,  shall  be  used  at  all  angles  and  ends  of  walls. 

2  X  .3. ,  The  stone  shall  be  laid  on  its  natural  bed  to  form  substantial  masoflrr. 
presenting  a  neat  and  finished  appearance.  Spalls  and  pinners  shaU  vd 
be  allowed  to  show  on  the  face  of  the  wall,  and  shall  be  used  only  whei* 
necessary.  The  length  of  stretchers  shall  not  exceed  three  times  their  riar. 
the  width  of  stretchers  shall  in  no  case  be  less  than  their  rise.  At  least  on^ 
fourth  of  the  stone  in  the  face  shall  be  headers,  and  these  shall  be  eveolr 
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istributed;  the  length  of  headers  shall  not  be  less  than  the  thickness  of 
tie  vrall,  where  the  wall  is  four  feet  or  less  in  thickness;  where  the  wall  is 
lore  than  four  feet  in  thickness,  the  length  of  the  headers  shall  not  be 
ss  than  two  feet  and  eight  inches,  and  not  more  than  two-thirds  of  the 
lickness  of  the  wall:  the  width  of  the  headers  shall  not  be  less  than  their 
se.  All  stones  shall  be  laid  to  break  joints  siz  inches  or  more  and  to 
loroughly  bond  the  work.  ^  No  joint  of  the  face  shall  be  over  one  inch  in 
idth.     Bacldng  shall  consist  of  good-sized,  well-shaped  stone  so  laid  as 

>  break  joints.  All  spaces  between  the  stone  shall  be  filled  with  spalls 
»t  in  mortar.     The  rear  faces  shall  present  approximately  plain  surfaces. 

31.4*  End  waUs  of  culverts  and  retaining  walls  shall  be  capped  with 
sncrete  or  with  stone,  roughly  squared,  extending  across  the  entire  width 
I  the  wall,  and  on  steijs  of  wixig  walls  the  coping  shaH  extend  under  the 
;ep  next  above  it  at  least  eight  inches. 

21.5*  On  all  exposed  faces,  the  joints  shall  be  raked  out  and  cleaned 

>  a  depth  of  two  inches  and  then  pointed  with  Portland  cement  mortar 
dzed  in  a  proportion  of  one  to  one. 

a  1. 6.  The  quantity  of  stone  masonry  to  be  paid  for  under  this  item  shall 
B  the  number  of  cubic  yards  measured  in  the  completed  work,  and  the 
mits  shall  not  exceed  those  shown  upon  the  plans  or  fixed  by  the  Engineer. 

The  price  bid  shall  include  all  labor,  materials  and  incidental  expenses 
scessary  to  satisfactorily  complete  the  work. 

Item  33 — Stone  Cnrbing  and  Headers 

23.1.  Under  this  item  the  Contractor  shall  furnish  and  place  stone  curbing 
nd  )}eaders  where  shown  on  the  plans  or  ordered  by  the  Engineer. 

22.2.  Stone  curbing  and  headers  shall  be  of  approved  bluestone,  sand- 
lone  or  granite,  sound,  uniform,  free  from  seams  or  other  imperfections,  and 
lall  be  nowhere  less  than  5  inches  thick,  15  inches  deep,  and  3  feet  long. 

The  upper  face  shall  be  evenly  cut  and  the  front  face  shall  be  dressed 
»r  the  f uU  depth  to  an  even  surface  with  no  projections  or  depressions  ex- 
uding one-quarter  inch.  The  bottom  shall  be  roughed  off  parallel  to  the 
>p  so  that  there  will  be  no  projections  exceeding  2  inches  beyond  the 
louired  depth. 

The  ends  shall  be  sauared  and  dresaed  to  form  joints  not  exceeding  one- 
ghth  inch  for  a  depth  of  at  least  2  inches  from  top  and  front  face.  The 
icks  shall  be  rough  dressed  for  full  depth  and  dressed  the  same  as  the 
ce  for  a  depth  of  2  inches  from  the  top.  The  joints  of  circular  curbing 
lall  be  cut  on  radial  lines. 

22.3.  The  curb  or  header  shall  be  set  in  third-class  concrete,  as  shown 
1  the  plans.  It  shall  be  true  to  line  and  grade  and  settled  so  as  to  have  a 
rm  and  uniform  bearing. 

22.4.  If  required  by  the  plans,  porous  drain-tile  shall  be  placed  under 
one  curbing  and  firmly  embedded  and  covered  with  cinders,  gravel  or 
:oken  stone. 

22.5.  After  the  curb  or  header  has  been  set  the  trenches  shall  be  filled 
ith  earth  and  thoroughly  tamped. 

22.6.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 
linear  feet  of  curbing  or  headers  set  in  accordance  with  plans  and  directions 
the  Engineer. 

l^e  price  bid  for  this  item  shall  include  the  furnishing  and  setting  of 
le  curb  or  header,  all  concrete,  tile,  broken  stone  or  gravel,  and  all  labor, 
aterials  and  incidfntal  expenses  necessary  to  complete  the  work. 

Item  33 — Resetting  Old  Curbing 

33.  z.  Under  this  item  the  Contractor  shall  remove  and  reset  old  curbing, 
1  shown  upon  the  plans  or  ordered  hy  the  Engineer. 

23.2.  Care  shall  be  taken  in  removing  old  curbing  so  that  there  shall  be 
)  unnecessary  breakage,  and  any  curbing  damaged  in  removing,  hauling, 

storing,  due  to  the  carelessness  of  the  Contractor,  shall  be  replaced  with 
sw  curbing  at  his  own  expense. 

23.3.  All  joints  and  tops  shall  be  redressed,  if  directed  by  the  Engineer, 
obtain  a  smooth  top  surface  and  to  obtain  joints  of  the  same  class  as 

reified  for  new  curbing. 
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33^  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  d 
linear  feet  removed,  stored,  hauled,  and  reset  in  accordance  with,  the  piaos 
and  as  directed  by  the  Engineer. 

The  price  bid  shall  include  all  concrete,  tile,  removing,  redressing,  haaliag. 
storing,  resetting,  and  all  materials,  labor  and  incidental  expenses  necessary 
to  complete  the  work. 

Item  34 — Concrete  Curbing 

34.1.  Under  this  item  the  Contractor  shall  place  concrete  curbing,  of 
the  type  shown  on  the  plans,  where  shown  on  the  plans  or  ordered  by  tbe 
Engineer. 

24.3.  All  curbing  shall  be  constructed  of  first-class  concrete.  The  con- 
crete shall  be  of  such  consistency,  and  be  so  spaded  and  worked,  that  a. 
smooth  mortar  face  will  be  produced.  The  coarse  aggregate  for  concrete 
curbing  shall  be  approved  No.  a  stone  or  gravel. 

24.3.  Curbing  shall  be  moulded  in  place  in  sections  6  feet  long  and  pro- 
vision made  at  each  joint  for  expansion  of  one-sixteenth  inch. 

24.4.  All  forms  shall  be  set  true  to  line  and  grade  and  held  rigidly  is 
position.  They  shall  be  either  of  metal  or  of  acceptable  planed  and  *w?t»*TH 
lumber,  and  of  such  construction  that  a  smooth  surface  will  be  provided. 

The  forms  shall  be  left  in  place  until  the  concrete  has  set  suffidentlf 
so  that  they  can  in  the  opinion  of  the  Engineer  be  removed  without  injury 
to  the  curbing.  The  curbing  shall  immediately  upon  the  removal  of  the 
forms  be  rubbed  down  to  a  smooth  and  uniform  surface,  but  no  plasterinf 
will  be  allowed.  For  this  work  a  competent  and  skillful  finisher  shall  be 
employed. 

2d.  5.  The  Contractor  shall  protect  the  curbing  and  keep  it  in  first-dass 
condition  until  the  completion  of  the  contract.  Any  curbing  which  s 
damaged  at  any  time  previous  to  the  final  acceptance  of  the  work  shall  be 
removed  and  replaced  with  satisfactory  curbing  at  the  Contractor's  ex- 
pense.    (Also  see  section  1 8.1.) 

24.6.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of 
linear  feet  placed  in  accordance  with  the  plans  or  directions  oi  the  Engineer. 

The  price  bid  for  concrete  curbing  shall  include  the  furnishing  and  placioi 
of  all  concrete,  tile,  porous  filling,  forms,  and  all  other  materiios,  labor  and 
incidental  expenses  necessary  to  complete  the  work. 

Item  25 — Concrete  Edging 

35.1.  Under  this  item  the  Contractor  shall  furnish  and  mould  in  place 
concrete  edging  of  the  type  shown  on  the  plans  and  where  designated  01 
the  plans  or  ordered  by  the  Engineer. 

25.2.  The  concrete  edging  shall  be  composed  of  second-class  ooncrett 
The  top  shall  be  troweled  to  an  even  surface  and  the  material  shall  be 
rammed  and  spaded  so  that  a  dense  concrete  and  a  smooth  surface  vfl 
result.     (Also  see  section  18.1.)  I 

35.3.  The  forms  shall  be  set  and  held  true  to^  line  arid  grade,  and  shall 
not  be  removed  until  the  concrete  has  set  sufficiently,  in  the  judgment  d  ' 
the  Engineer,  so  that  no  harm  will  result  therefrom.     The  edging  shall  be 
protected  from  injury  until  the  completion  of  the  contract. 

^ter  the  removal  of  the  forms,  the  trenches  shall  be  back-filled  witi 
earth  and  thoroughly  tamped. 

25.4.  The  quantity  to  bie  paid  for  under  this  item  shall  be  the  number  d 
linear  feet  of  concrete  edging  completed  as  shown  on  the  plans  or  ordered 
by  the  Engineer.  ... 

The  price  bid  shall  include  the  furnishing  and  placing  of  concrete  sad 
forms,  and  all  other  materials,  labor  and  incidentals  necessary  to  complet* 
the  work. 

Item  36 — Cobble  Onttem 

36.1.  Under  this  item  the  (Contractor  shall  furnish  and  place  oobbb 

gutters  where  shown  on  the  plans  or  ordered  by  the  Engineer. 


36.3.  Cobble  gutters  shall  consist  of  rounded  **  hardheads,**  qoartT 
or  field  stone,  and  shall  be  laid  on  edge.  If  hardheads  are  used  they  shal 
be  4  inches  to  8  inches  in  diameter.    The  largest  stones  shall  be  sdectsd 
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and  set  along  the  ed^res  of  the  gutter.  All  stones  except  where  embedded  in 
xnortar  ^lall  be  set  m  sand,  and  shall  be  laid  to  line  and  j^^de  with  close 
joints  by  skilled  workmen  using  regular  paving  tools.  The  whole  shall 
then  be  thoroughly  rammed  in  place  and  brought  to. a  uniform  surface. 
AH  joints  shall  be  swept  full  of  sand.  On  grades  exceeding  6  per  centum  and 
elsewhere  if  called  for  by  the  plans  or  ordered  by  the  Engineer,  cobble  gutters 
shall  be  laid  in  Portland  cement  mortar,  mixed  one  to  three,  as  shown  upon 
the  plans. 

26.3.  The  quantity  of  cobble  gutter  to  be  paid  for  under  this  item  will 
be  the  number  of  square  yards  of  exposed  surface  laid  in  accordance  with 
theplans  and  as  directed  by  the  Engineer. 

The  price  bid  shall  include  the  furnishing  and  placing  of  all  stones,  sand, 
xnortar,  and  all  other  materials,  labor  and  incidental  expenses  necessary 
to  complete  the  work. 

Item  37 — Concrete  Gutters 

37.1.  Under  this  item  the  Contractor  shall  furnish  and  place  concrete 
gutters  where  shown  upon  the  plans  or  ordered  by  the  Engineer. 

27.2.  Concrete  gutters  shall  be  of  first-class  concrete  and  shall  conform 
to  all  requirements  therefor  as  elsewhere  specified.  They  shall  be  of  the 
shape  and  length  shown  upon  the  plans,  and  shall  be  placed  true  to  line 
and  grade  as  directed.     (See  section  18. i.) 

27.3.  The  quantity  for  which  the  Contractor  will  be  paid  shall  be  the 
number  of  square  yards  of  concrete  gutters  placed  in  accordance  with  the 
plans  and  ordered  by  the  Engineer. 

The  price  bid  shall  includfe  the  furnishing  and  placing  of  all  concrete, 
the  preparation  of  foundation,  together  with  all  other  labor  and  incidental 
expenses  necessary  to  satisfactorily  complete  the  work.     ' 

Item  38 — Brick  Gutters 

28.1.  Under  this  item  the  Contractor  shall  furnish  and  place  brick  gutters 
where  shown  upon  the  plans  or  ordered  by  the  Engineer. 

28.2.  Brick  gutters  shall  be  constructed  of  approved  ^ck,  shall  conform 
to  the  dimensions  shown  upon  the  plans,  and  shall  be  laid  true  to  lines  and 
grades  upon  a  suitable  bed  of  sand. 

28.3.  Where  brick  g^utters  are  to  be  laid  next  to  a  curbing  in  connection 
with  a  pavement  having  a  concrete  foundation,  they  shall  be  constructed 
in  full  conformity  to  the  specifications  for  brick  pavement,  and  shall  be 
paid  for  as  such. 

28.4.  The  quantity  for  which  the""Contractor  will  be  paid  shall  be  the 
number  of  sauare  yards  of  brick  gutters  placed  in^accordance  with  the  plans 
and  ordered  by  the  Engineer. 

The  price  bid  shall  include  the  furnishing  and  placing  of  all  materials 
and  the  preparation  of  bed,  together  with  all  other  labor  and  incidental 
expenses  necessary  to  satisfactorily  complete  the  work. 

Item  39 — Metal  Reinforcement 

39.1.  Under  this  item  the  Contractor  shall  furnish  and  place  metal  bar 
and  metal  mesh  reinforcing  material  where  shown  upon  the  plans  or  directed 
by  the  Engineer.  ^ 

29.2.  All  metal  reinforcement  shall,  when  embedded,  be  tree  from  mill 
scale,  grease,  injurious  rust,  dirt  or  other  foreigrn  substance. 

29.3.  All  metal  reinforcement  shall  be  securely  held  in  place  so  that  it 
will  be  in  the  prescribed  position  after  the  concrete  has  been  thoroughly 
compacted. 

29.4.  Unless  otherwise  designated  upon  the  planSt^all  bar  reinforcement 
■  shall  DC  of  open  hearth  steel,  and  shall  consist  of  approved  "deformed'.' 

bars  or  rods  which  shall  have  an  elastic  limit  of  not  less  than  30,000  nor 
more  than  45.000  pounds  per  sguare  inch,  and  an  elongation  of  not  less  than 
20  per  centum  in  a  length  of  8  inches. 

Deformed  bars  shall  not  contain  more  than  Moo  of  one  per  centum  of 
sulphur  nor  more  than  Moo  of  one  per  centum  of  pho^horus.  In  small 
culverts  and  other  structures  of  minor  importance  standard  commercial  de* 
formed  bars  acceptable  to  the  Engineer  may  be  used. 

All  deformed  bars  shall  be  uniform  in  quality,  and  shall  endure  bending 
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i8o  dcgreet,  when  cold,  around  a  circle  whoee  diameter  is  equal  to  ti« 
diameter  or  thirVness  of  the  test  piece,  without  fracture  on  the  out^de  of 
the  bent  portion. 

Bars  shall  overlap  each  other  by  30  diameters. 

39.S*  Unless  otherwise  designated  upon  the  plans,  all  metal  mesh  rm- 
forcement  shall  be  of  an  approved  land  and  auauty,  and  of  the  cross-eectioo 
shown  upon  the  plans  and  acceptable^  to  the  Engineer,  and  equal  in  aS 
respects  to  the  brat  standard  commercial  products.  Sheets  of  metal  mesh 
shall  overlap  each  other  as  directed  by  the  Engineer  or  as  ^own  upon 
the  plans. 

29.6.  The  quantity  of  metal  reinforcement  for  which  the  Contractor 
will  be  paid  shaXL  be  the  number  of  pounds  incorporated  in  the  work  -n 
accordance  with  the  plans  or  direct.ons  of  the  Engineer. 

The  bid  price  shall  include  all  labor,  materials,  and  other  expenses  nec- 
essary to  satisfactorily  complete  the  work. 

Metal  reinforcement  used  in  rails  and  posts  shall  not  be  included  is 
this  item,  but  shall  be  considered  as  being  included  in  the  price  bid  for 
appropriate  items. 

Item  30— Mtscellaneoits  Iron  and  Steel 

30.1.  Under  this  item  the  Contractor  shall  furnish  and  place  all  cast 
iron,  wrought  iron  and  steel  not  especially  included  in  other  items  as  shown 
on  the  plans  and  for  miscellaneous  structures  as  ordered  by  the  Bngineer. 
This  item  shall  include  beams,  channels,  and  other  structural  shai>es,  ts 
well  as  miscellaneous  iron  castings,  wrought  iron,  etc. 

30.2.  AU  structural  steel,  bolts,  etc.,  shown  on  the  plans  may  be  d 
stock  steel.  Stock  steel  shall  be  subjected  only  to  surface  inspection  sod 
cold  bending  tests.  Test  pieces  cut  from  finished  materials  shall  endue 
bending  cold,  without  signs  of  cracking,  160  degrees  around  a  circle  who« 
diameter  is  equal  to  the  thickness  of  the  test  piece.  , 

Iron  castings  shall  be  made  of  the  best  tough  gray  iron  of  uniform  quality 
and  shall  be  free  from  defects  and  uneven  shrinkage.  No  mill  cinder  tran, 
white  or  burnt  iron  or  scrap  of  any  kind  shall  be  used.  .They  shall  be 
clean,  out  of  wind,  and  true  to  dimensions.     Castings  having  blow  hoks 


y  and  shall  be 


plufiwed  or  filled  with  putty  or  crust  shall  not  be  used. 

Wrought  iron  shall  be  tough,  fibrous  and  uniform  in  qualit 

manufactured  by  approved  methods.  Steel  scrap  shall  not  be  used  in  its 
manufacture.  Finished  material  shall  be  clean,  smooth,  true  to  shape  and 
free  from  d^ects. 

All  iron  and  steel  except  cast  iron  shall  be  given  a  shop  coat  of  red  lead 
and  oil,  and  after  being  placed  shall  be  given  two  coats  of  approved  paint 

30.3.  The  quantity  of  iron,  wrought  iron  and  steel  to  be  paid  for  under 
this  item  shall  be  the  number  of  pounds  furnished  and  i)laced  in  accordance 
with  the  plans  or  instructions  of  the  Engineer.  The  price  bid  shall  inchide 
the  furnishing,  placing,  painting  and  all  other  labor,  materials  and  incidental 
expenses  necessary  to  satisfactorily  complete  the  work. 

Item  31 — Wooden  Gtiard  Railing 

3 1. 1.  Under  this  item  the  Contractor  shall  furnish  and  erect  woodea 
guard  railing  of  the  type  indicate,  where  shown  on  the  plans  or  ordered  br 
the  Engineer.  ^ 

31.2.  The  posts  shall  be  of  seasoned  white  oak,  cedar,  locust,  tamarack, 
white  pine,  or  chestnut.  They  shall  be  at  least  6  inches  square,  or  if  round 
they  shall  be  6  inches  in  diameter  at  the  smaller  end  after  the  bark  is  removed, 
and  7  feet  long.  Round  posts  shall  be  shaved  to  even  surfaces  free  from  bazk 
or  slan.  The  lower  part  of  the  posts  to  a  point  3  feet  from  the  top  shall  be 
dipped  while  dry  in  suitable  bituminous  material  heated  to  a  temperatvri 
of  300  degrees  Fahrenheit,  or  shall  be  charred,  as  directed.  The  posts  if 
dipped  shall  be  thoroughly  dry  before  being  set  in  the  ground . 

31.3.  Rails  shall  be  of  seasoned,  planed  spruce  or  other  satisfactttfT 
wood,  and  be  proi>erly  secured  to  the  posts,  all  in  a  workmanlike  manner. 

31 .4.  The  joints  of  the  rails  and  posts  shall  be  given  one  coat  of  whitt 
lead  and  linseed  oil  before  being  put  together;  the  beveled  tops  of  posts  shall 
receive  two  heavy  coats  of  the  same.  The  entire  surface  exposed  above  tin 
ground  shall  be  painted  with  three  coats  of  white  lead  and  linseed  oiL 
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31 .5.  The  white  lead  and  the  linseed  oil  shall  be  delivered  separately  on 
the  road  in  original  containers;  before  being  mixed  and  used  a  pint  sample 
of  each»  covering  each  lot,  shall  be  forwarded  to  the  Bureau  of  Tests,  and 
neither  ingredient  shall  be  used  until  accepted  by  the  Commission.  The 
mixing  of  the  ingredients  shall  be  as  directed  by  the  Engineer.  This  specifi- 
cation shall  apply  to  all  paint  used  under  this  contract. 

31.6.  The  quantity  of  wooden  guard  railing  to  be  paid  for  under  this 
item  shall  be  the  number  of  linear  feet  completed  in  i>lace. 

The  price  bid  shall  include  the  furnishing  and  erecting  of  all  posts  and  rail, 
the  excavation,  painting,  dipping,  hardware  and  all  expenses  and  incidentals 
necessary  to  complete  tne  work. 

Item  32 — Special  Guard  Railing 

32 . 1.  Under  this  item  the  Contractor  shall  fumisl\  and  erect,  true  to  line 
and  grade,  guard  railing  of  the  special  design  shown  upon  the  plans,  at  the 
places  indicated  by  the  plans  or  ordered  by  the  Engineer. 

32.2.  Except  as  otherwise  provided  by  the  plans,  each  class  of  work 
necessitated  under  this  item  shall  be  governed  by  the  clauses  of  other  items 
which  are  specially  applicable  thereto. 

32.3.  The  quantity  of  guard  railing  to  be  paid  for  under  this  item  shall 
be  the  number  of  linear  feet  placed  in  accordance  with  the  plans  and  ordered 
by  the  Engineer. 

The  price  bid  shall  include  all  excavation,  concrete,  metal  reinforcement, 
hardware,  backfilling  and  all  other  materials,  labor  and  incidental  expenses 
necessary  to  satisfactorily  complete  the  work. 

Item  33 — ^Pipe  Railing  • 

33 . 1.  Under  this  item  the  Contractor  shall  furnish  and  erect  pipe  railing 
of  the  type  indicated  where  shown  upon  the  plans  or  ordered  by  the  Engineer. 

33 . 2.  Pipe  railing  shall  consist  of  wrought  iron  pipe,  rails,  posts  and  nipe 
rau  fittixigs  of  the  sizes  shown  on  the  plans.  All  threaded  joints  shall  be 
coated  with  lead  and  oil  before  being  assembled.  All  parts  shall  be  painted, 
after  beingput  in  place,  with  two  coats  of  white  lead  and  linseed  oil. 

33 .3.  The  quantity  of  pipe  railing  to  be  paid  for  under  this  item  shall  be 
tlie  number  of  linear  feet  placed  in  accordance  with  the  plans  and  ordered 
by  the  Engineer. 

The  price  bid  shall  include  the  furnishing  and  erecting  of  all  materials,  the 
painting  and  all  expenses  and  incidentals  necessary  to  complete  the  work. 

Item  34 — Guide  Signs 

34.  X.  Under  this  item  the  Contractor  shall  furnish  and  erect  guide  signs 
of  the  type  indicated  where  shown  upon  the  plans  or  ordered  by  the  Engineer. 

34 . 2.  Permanent  guide  signs  shall  be  for  the  purpose  of  furnishing  perma- 
nent directions  to  traffic  after  the  completion  of  the  contract.  Permanent 
guide  signs  shall  be  constructed  of  kiln  dried  white  pine  and  of  the  dimensions 
shown  on  the  plans.  They  shall  first  be  given  four  coats  of  white  lead  mixed 
with  linseed  oil.  After  the  last  coat  has  become  thoroughly  dried  the  letters 
shall  be  painted  with  black  enamel  paint,  and  when  this  is  thoroughly 
dry  they  shall  be  given  one  coat  of  the  finest  white  shellac. 

34.3.  Temporary  pruide  signs  shall  be  for  the  purpose  of  ^iding  traffic 
along  a  detour  during  construction.  Temporary  guide  signs  shall  be 
constructed  of  kiln  dried  white  pine  and  of  the  dimensions  shown  on  the 
plans.  They  shall  first  be  given  three  coats  of  white  lead  mixed  with  linseed 
oil.  After  the  last  coat  has  become  thoroughly  dried  the  letters  shall  be 
painted  with  black  enamel  paint. 

34.4.  The  number  of  guide  signs  to  be  paid  for  under  this  item  shall  be 
the  number  of  si^ns  placed  in  accordance  with  the  plans  and  ordered  by  the 
Engineer.  All  signs  become  the  property  of  the  State  upon  payment  for  this 
item. 

The  price  bid  shall  include  the  furnishing  of  all  labor  and  materials  neces- 
sary to  satisfactorily  erect  permanent  guide  si^s  on  sign  posts  and  temporary 
guide  signs  including  sign  posts,  each  guide  sign  complete  in  place. 
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Item  35 — Highway  Number  Signs 


35 . 1.  Under  this  item  the  Contractor  shall  paint  on  the  concrete  sign 
post  highway  number  signs  of  the  type  indicated  where  shown  upon  the 
plans  or  oroered  by  the  Engineer. 

35  . 2.  Highway  number  signs  shall  be  painted  on  all  concrete  sign  posts 
with  letters  which  shall  first  be  formed  of  two  coats  of  flat  black  mixed  m  oil 
and  afterward  retraced  with  black  enamel.^ 

35 . 3.  The  number  of  highway  number  signs  to  be  paid  for  under  this 
item  shall  be  the  number  placed  in  accordance  with  the  plans  and  ordered 
by  the  Engineer. 

The  price  bid  shall  include  the  furnishing  of  all  labor  and  materials  to 
satisfactorily  complete  the  work. 

Item  36 — Danger  Signs 

36.1.  Under  this  item  the  Contractor  shall  furnish  and  erect  danger 
signs  where  shown  upon  the  plans  or  ordered  by  the  Engineer.  These 
shall  be  of  the  type  called  for  by  the  plans. 

^  36 . 2.  Danger  signs  shall  be  constructed  of  a  material^  and  painted 
similar  to  that  specified  for  guide  signs  and  shall  be  of  the  dimensions  and 
lettered  as  shown  on  the  standard  plans.  These  signs  shall  be  placed  on 
the  standard  concrete  sign  posts  and  set  at  an  an^e  of  forty-five  degrees 
to  the  center  line.  When  the  standard  sign  is  used  the  arrow  shall  point  in 
the   direction  of  the   danger. 

36 . 3.  The  number  of  completed  danger  signs  for  which  the  Contractor 
will  receive  payment  will  be  the  number  placed  in  accordance  with  the  plans 
and  ordered  by  the  Engineer. 

The  price  bid  shall  include  the  fumishin|r  of  all  labor  and  materials  neces- 
sary to  complete  each  danger  sign  in  a  satisfactory  manner. 

Item  37 — Concrete  Sign  Posts 

37.1.  Under  this  item  the  Contractor  shall  furnish  and  erect  concrete 
sign  posts  of  the  type  indicated,  where  shown  upon  the  plans  or  ordered  by 
the  Engineer. 

37  . 2.  Concrete  sign  posts  shall  be  made  of .  first-class  concrete  and  of  the 
dimensions  and  materials  shown  on  the  standard  plans.  To  these  posts 
shall  be  securely  fastened  guide  boards  and  signs. 

37 .3.  The  number  of  completed  concrete  sign  posts  to  be  paid  for  under 
this  item  shall  be  the  number  erected  in  accordance  with  the  plans  and 
ordered  by  the  Engineer. 

The  price  bid  shall  include  all  concrete,  reinforcement,  forms,  excavation 
and  backfill,  and  the  furnishing  of  all  other  labor  and  materials  necessary 
to  complete  each  concrete  sign  post  in  a  satisfactory  manner. 

LOOSE  STONE 

Item  38 — Screened  Gravel — Loose  Measure 

Item  39 — Broken  Stone — ^Loose  Measure 

38.1.  Under  these  items  the  Contractor  shall  furnish  and  place  upon 
the^  road,  as  directed  by  the  Engineer,  broken  stone  and  gravel  of  the  sues 
designated  on  the  Itemized  Proposal.  This  stone  and  gravel  will  be  used 
for  general  repair  work  and  for  miscellaneous  work. 

38.2.  The  stone  or  gravel  delivered  shall  be  of  approved  quality  and  shall 
conform  to  the  general  requirements  for  broken  stone  and  gravel,  and  they 
^lall  be  of  the  sizes  ordered. 

38.3.  The  quantity  to  be  paid  for  under  Items  38  and  39  rei^>ectively 
shall  be  the  quantity  of  broken  stone  or  gravel  furnished  and  ddivered  on  the 
work  at  the  places  and  in  the  condition  specified  by  the  Engineer.  When 
the  material  is  produced  by  the  contractor  on  the  work,  it  shall  be  measured 
in  cubic  vards;  it  shall  be  measured  in  tons  of  2000  lbs.  when  the  material  is 
imported  and  the  weight  is  obtainable  from  reliable  sources  such  as  certified 
quarry  or  railroad  figures. 

The  price  bid  shall  include  furnishing  and  delivering  the  stone  or  gravd 
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«8  directed  by  the  Engiiieer  and  all  labor,  appliances  and  expenses  incidental 
thereto;  also  the  spreading,  rolling  or  incorporating  dE  ^  stone  or  gravel 
in  the  work;  when  required  by  the  Engineer. 

FOUNDATION  COURSB 

Item  40 — Foundation  Coarse — "Run  of  Bank"  GraTel 
Item  41 — Foundation  Coarse — Field  or  Quarry  Stone 

40.1.  Under  these  items  the  Contractor  shall  furnish  and  place  a  founda- 
tion course  of  stone  or  gravel  of  the  depth  and  in  the  places  called  for  by  the 
plans,  or  as  ordered  by  the  Engineer  in  accordance  with  section  a.5,  "Prepa- 
ration of  Subgrade"  of  item  "Excavation." 

40.2.  No  stone  or  gravel  shall  be  placed  on  the  road  until  the  culverts  are 
completed  and  proper  drainage  provided. 

40.3.  When  field  or  quarry  stone  is  used  for  constructing  the  foundation 
course  it  shall  be  of  a  hard,  sound  and  durable  quality,  acceptable  to  the 
Engineer;  the  stones  shall  be  placed  by  hand  so  as  to  bring  them  in  as  close 
contact  as  possible.  When  quarry  stones  are  used  they  wall  be  placed  on 
edge.  The  depth  of  the  stone  shall  in  no  case  be  greater  than  the  depth 
specified  for  tne  course,  the  width  shall  not  be  greater  than  the  depth, 
nor  more  than  six  inches;  and  the  length  shall  not  oe  greater  than  one  and 
one-half  times  the  depth,  nor  more  than  la  inches.  ,The  distribution  of  the 
stone  shall  be  of  a  uniformitv  satisfactory  to  the  Engineer.  The  long  dimen* 
sion  shall  always  be  placed  crosswise  the  road.  After  laying,  this  course 
shall  be  thoroughly  rolled  with  an  approved  roller  weighing  not  less  than 
ten  tons,  and  shall  then  be  filled  with  stone  or  gravel  as  directed  and  again 
rolled  until  the  stones  are  bound  together  and  thoroughly  compacted:  but 
no  gravel  shall  be  used  for  filling  except  under  written  permission  ox  the 
Engineer.  All  holes  or  depressions  found  in  rolling  shall  be  filled  with  mate- 
rial of  the  same  quality  and  the  surface  shall  be  re-rolled  until  it  conforms  to 
the  lines  and  grades  shown  on  the  plans.  When  field  stone  is  used  approved 
tailings  may  be  used  for  filling.  In  all  cases  a  sufficient  amount;of  fine  mate- 
rial shall  be  used. to  fill  all  voids.  In  limited  areas  where  the  use  of  a  roller 
is  impracticable  heavy  tampers  may  be  used  to  consolidate  the  material. 

40.4.  Wherever  gravel  is  used  for  the  foundation  course  it  ^all  conform 
in  all  particular^  to  the  gravel  specified  in  section  2  of  Bottom  Coubsb  "Run 
OF  Bank"   Gravbl. 

40.5.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of 
cubic  yards  of  compacted  material  in  place.  The  amount  to  be  estimated 
shall  be  computed  by  multiplying  the  finished  cross-section  of  the  foundation 
course  as  shown  upon  the  plans  or  ordered  by  the  Engineer,  by  the  length  of 
the  foundation  course  measured  along  the  axis  of  the  pavement. 

The  price  l^d  shall  include  the  furnishing,  placing,  filling,  rolling  of  the 
materia}  and  all  labor  and  incidental  expenses  necessary  to  complete  the 
work. 

Item  4a — Foondation  Coarse — Telford  Base 

42.1.  Under  this  item  the  Contractor  shall  furnish  and  place  a  founda- 
tion course  of  field  or  quarry  stone  laid  on  edge,  in  accordance  with  the  plans 
or  as  ordered  by  the  Engineer. 

42.2.  No  stone  shall  be  placed  on  the  road  until  the  culverts  are  com- 
pleted and  proper  drainage  has  been  provided. 

42.3.  Field  or  quarry  stone  of  approximate  rectangular  shape  shall  be 
used.  The  stone  shall  be  not  less  than  one  and  one-half  inches  thick,  in 
depth  equal  to  the  depth  of  the  course,  and  in  length  not  more  than  one  and 
one-half  times  the  depth. 

42.4.  The  pieces  shall  be  placed  on  edge  by  hand  in  as  close  contact  as 
possible  with  long  dimension  crosswise  of  the  road.  After  being  placed, 
aU  pieces  projecting  more  than  one  inch  above  the  established  plane  of  the 
suruice  shall  oe  broken  off  flush  so  as  to  obtain  a  true  and  uniform  surface. 
This  course  shall  then  be  rolled  with  an  approved  self-propelled  roller  weigh- 
ing not  less  than  ten  tons,  and  shall  then  be  filled  with  approved  screenings 
and  again  rolled  until  the  course  is  thoroughly  compacted.  Material  other 
than  screenings  for  filling  this  course  shall  not  be  used  except  under  the  writ- 
ten order  of  the  Engineer. 
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43.5.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 
of  cubic  yards  of  compacted  material  in  the  completed  course.  The  amouiit 
to  be  estimated  shall  be  computed  by  multiplying  the  finished  cross-section 
of  the  foundation  course  as  shown  upon  the  plans  or  ordered  by  the  Engineer, 
by  the  length  of  the  foundation  course  measured  along  the  axis  of  the  pa^e- 
ment.  The  price  bid  shall  include  the  furnishing,  placing,  filling-,  rolling  of 
the  material  and  all  labor  and  incidental  expenses  necessary  to  complete  the 
work. 

BOTTOM  COURSE 

Item  43 — ^"Ron  of  Bank**  Gravel 

43.1.  Under  this  item  the  Contractor  shall  furnish  and  place  approved 
"Run  of  Bank"  gravel  either  upon  the  properly  prepared  sub-grade  or 
upon  the  foundation  course.  The  work  shall  be  performed  in  full  conformity 
to  the  specifications  given  under  sections  4^1.2  to  44.9  inclusive,  so  far  as 
same  are  not  inconsistent  with  the  use  of  such  gn^avel. 

43.2.  All  grravel  shall  be  of  hard,  durable  stone  satisfactory  to  the  Bn^neer. 
The  particles  shall  be  of  such  size  as  will  pass  through  a  3H-inch  drcular 
hole,  and  shall  be  well  graded.  Gravel  shall  be  of  such  natiire  that  the 
material  passing  a  -^-inch  screen  shall  not  be  more  than  5  per^  centum  in 
excess  of  the  voids  in  the  remaining  material  after  its  separation  therefrom. 
Before  usin^  "Run  of  Bank"  gravel  in  the  work  the  same  shall  be  tested  to 
determine  its  suitability.  Should  at  any  time  during  the  work  and  for  any 
reason  the  gravel  fail  to  maintain  suitable  proportions  of  the  coarse  and  fine 
particles,  the  Contractor  shall  by  the  addition  of  selected  material  and  satis- 
factory manipulation  produce  a  material  meeting  the  above  requirements. 

^  43.3.  The  depth  of  loose  stone  or  gravel  in  all  cases,  whether  in  founda- 
tion, bottom  or  top  courses,  shall  be  gauged  by  the  use  of  cubical  blocks  of 
suitable  size.     (See  page  591.) 

43.4.  The  spreading  of  any  layer  or  course  of  broken  stone,  gravel  or 
filler,  whether  in  foundation,  bottom  or  top  courses,  shall  be  done  from 
suitable  spreader  wagons  or  from  piles  dumped  along  ^the  road  as  directed 
by  the  Engineer. 

No  segregation  of  large  or  fine  particles  will  be  allowed,  but  the  stone  as 
spread  shall  be  well  graded  with  no  pockets  of  fine  material. 

43.5.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 
of  cubic  yards  of  compacted  material  in  place  in  the  completed  course. 
The  amount  to  be  estimated  shall  be  computed  by  multiplying  the  finished 
cross-section  of  the  bottom  course  as  shown  on  the  plans  or  ordered  bjr  the 
Engineer,  by  the  length  of  the  bottom  course  measured  along  the  axis  of 
the  pavement. 

The  price  bid  shall  include  the  furnishing,  placing,  rolling  and  filling  the 
material,  and  all  other  labor,  materials  and  incidental  expenses  necessary 
to  satisfactorily  complete  the  work. 

Item  44 — ^Bottom  Course — Screened  Gravel 
Item  45 — Bottom  Course — Broken  Stone 

44.1.  Under  these  items  the  Contractor  shall  furnish  and  place  stone  or 
gravel,  conforming  to  the  general  requirements  for  same,  either  upon  the 
properly  prepared  sub-grade  or  upon  the  foundation  course.  This  stone  or 
gravel  shall  be  of  sizes  specified  below. 

44.2.  After  the  sub-grade  or  foundation  course  shall  have  been  property 
prepared  and  proper  drainage  provided,  a  course  of  broken  stone  or  gravel 
of  graded  No.  3  or  No.  4  or  a  uniform  mixture  of  same  shall  be  spread  evenly 
so  that  it  wiU  have  after  rolling  the  required  thickness.  If  specifically 
allowed  by  the  Engineer  a  limited  amount  of  No.  2  stone  may  be  used  in 
the  bottom  course.  (For  the  meaning  of  these  numbers  in  connection 
with  size  see  page  7^0).  ^ 

In  cases  where  the  finished  thickness  of  the  bottom  course  is  to  be  more 
than  ^  inches,  the  broken  stone  or  gravel  for  it  shall  be  spread,  rolled  and 
filled  in  two  separate  layers  neither  of  which  shall  be  of  a  greater  depth  than 
6  inches  measured  loose. 

»  Not  feasible,  see  page  156. 
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44.3*  llie  depth  of  loose  stoiie  or  gravel  in  all  cases,  whether  in  founda- 
tioa,  Dottom  pr  top  courses,  shall  be  gauged  by  the  use  of  cubical  bloclis  of 
suilable  size.    (See  page  591.) 

44.4.  The  spreading  of  any  layer  or  course  of  broken  stone,  gravel  or 
filler,  whether  in  foundation,  bottom  or  top  courses,  shall  be  done  from 
suitable  spreader  wagons  or  from  piles  dumped  along  the  road  as  directed 
by  the  Engineer. 

No  segregation  of  large  or  fine  particles  will  be  allowed,  but  the  stone 
spread  shall  be  well  graded  with  no  pockets  of  fine  material. 

4ii.5.  After  the  bottom  course  of  stone  or  gravel  has  been  laid  loose  it 
shall  be  thoroughly  rolled  with  an  approved  roller  weighing  not  less  than 
ten  tons. 

This  rolling  must  begin  at  the  sides  and  continue  toward  the  center 
and  shall  continue  until  there  is  no  disturbance  of  the  stone  ahead  of  the 
roller.  After  the  stone  is  thoroughly  compacted  No.  i  stone  or  gravel, 
and  screenings,  or  sand,  or  a  mixture  of  these,  shall  be  uniformly  spread 
upon  the  Surface  and  Jswept  in  with  rattan  or  steel  brooms  and  rolled  dry. 
After  the  completion  of  the  rolling  no  teaming  other  than  that  necessary 
for  bringing  material  for  the  next  course  shall  be  allowed  over  the  rolled 
materiaL  .  I.t  is  the  intention  to  bind  this  course  with  the  small  stone,  but 
not  to  use  so  much  that  a  good  bond  will  not  be  secured  between  the  bottom 
and  top  courses..  ... 

'    44.6.  When  two  courses  of  bottom  stone  are  laid  each  course  shall  be 
treated  by  rolling  and  adding  fine  material  as  described  above. 

44.7.  If  the  sub-grade  material  shall  become  chtimed  up  into  or.  mixed 
with  the  bottom  or  sub-bottom  courses  through  the  Contractor's  hauling 
over  it  or  working  on  it  when  the  sub-grade  is  in  a  wet  condition,  the  Con- 
tractor shall  at  his  own  expense  remove  such  mixture  of  sub-grade  material 
and  broken  stone  and  replace  it  with  clean  broken  stone  of  tne  i>roper  size, 
and  shall  roll  or  otherwise  compact  the  material  so  as  to  produce  a  uniform, 
firm  and  even  bottom  course. 

If  the  above  condition  occurs  through  no  fault  of  the  Contractor,  the 
Contractor  shall  be  paid  both  for  excavating  and  replacing  under  the  items 
* '  Excavation  ".  and , *  Bottom  Course ' '  respectively. 

44.8.  All  filler  for  top  and  bottom  courses  shall  be  delivered  and  piled 
alongside  the  road  before  the  course  in  which  it  is  to  be  used  is  placed. 

44.9.  The  quantity  to  be  paid  for  under  these  items  respectively  shall 
be  the  number  of  cubic  yards  of  compacted  material  in  place  in  the  com- 
pleted course.^  The  amount  to  be  estimated  shall  be  computed  by  multi- 
plying the  finished  cross-section  .of  bottom  course  as  shown  upon  the  plans 
or  ordered  by  the  Engineer,  by  the  length  of  the  bottom  course  measured 
along  the  axis  of  the  pavement. 

The  price  bid  for  the  re^ective  items  shall  include  the  furnishing,  placing, 
filling,  rolling  of  the  material  and  all  labor  and  incidental  expenses  necessary 
to  complete  the  work. 

Item  46 — Concrete  Foundation  for  Pavement 

46.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  a 
propery  prepared  sub-grade,  concrete  foundation  for  pavement  of  the 
thickness  shown  upon  the  plans  or  ordered  by  the  Engineer. 

46.2.  Concrete  foundation  shall  not  be  placed  on  any  sub-grade  until 
the  sub-grade  has  been  properly  drained,  thoroughly  rolled  and  compacted, 
and  is  true  to  line  and  graoe  in  horizontal  and  transverse  cross-section. 

46.3.  Concrete  shall  consist  of  a  mixture  of  Portland  cement.  No.  2 
or  No.  3  sand  and  broken  stone  or  gravel.  The  coarse  aggregate  shall 
consist  of  a  well-mixed  product  of  No.  a  and  No.  3  stone  or  No.  a  and  No.  3 
gravel.  The  fine  aggregate  shall  consist  of  No.  a  or  No.  3  sand.  All  of 
these  materials  shall  conform  in  all  respects  to  the  requirements  given  under 
"Materials  of  Construction,"  pages  717  to  7ao.  All  specifications  relating 
to  second-class  concrete  shall  apply  to  work  done  under  this  item,  in  so  far 
as  they  are  not  inconsistent  with  the  special  specifications  given  below. 

46.4.  The  concrete  shall  be  mixed  in  the  proportions  of  one  volume 
of  cement  to  two  and  one-half  volumes  of  sand  and  five  volumes  of  broken 
stone  or  gravel.  The  relative  proportions  of  fine  and  coarse  ap^gregate 
may  be  varied  slightly,  as  a'  result  of  tests  for  voids  by  the  Engineer,  to 
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shallmafl 
46.S-  The  ooocrete  diaU 
M«*7*y  dun  be  uwitiiwiwl  thncNi^  at 
parboe  is  oosted  viUi 


fapidlr  votil  tibe 

as  directed  by  tlie       _ 

bjr  tlie  Contractor  so  that  the 

separate  batchesL 

46.6.  Before  any 
anficientljr  to  dampcfl  it.  bat 
As  soon  as  possible  after 
and  tbofooi^r  naded  and  nu 
sgyface.     Especial  care  shall  be 
ptevcnt  godoets  of  stone  or 

46.7.  The  swrfare.  vhen  compfeted,  shall  cuu£uiuk  to 
riiown  upon  the  plans,  and  shall  be  free  fram 
No  stone  shall  project  above  the  _ 
shall  be  done  bcf  oce  the  concfete  has  taken  its 

46.S.  When  the  work  is  stopped  for 
be  pnt  in  axid  the  work  oonqrfeted  up  to  this  joint. 

46.9L  No  concrete  fonndation  for  iimmucat  shall  be  laid  wiien  tbe  tes- 
petature  falls  bdov  35*  P. 

46.10.  As  soon  as  the  concrete  has  taken  its  initial  set  the  *T«*arr  dni! 
be  covered  with  a  one4nch  layer  of  —«*»*''*'  material  and  this  dall  be  kept 
moist  for  a  period  of  at  least  seven  days.  Fbr  covoing  inwiiirte  fbandatiosi 
on  which  a  sand  coshion  is  called  far,  the  sand  cushion  may  be  vsed  far 
the  corer  coat  iC  the  contractor  so  elects;  in  case  this  is  done  the  sand  '•n^^'^^ 
shall  be  pot  in  aocqptaUe  oondHion  befors  nrmazioK  for  layiiv  the  faiods; 
any  portions  which  have  become  mfwivcy  mrty  diall  be  ratkawtd  aai 
retraced  with  acceptable  material  to  the  satarfaction  of  the 

in  those  cases  where  material  other  than  sand  "•-•^^^'wr  is 
coat  it  shall  be  cleaned  off  after  a  period  of  ten  dajrs. 

46.11.  The  quantity  to  be  paid  for  mder  this  item  shall  be  the  asmber 
of  cubic  yards  of  concrete  fonndation  for  paTcment  incorpmated  in  the 
work  in  aooordanoe  with  the  plans  or  as  directed  by  the  Engineei-. 

The  ^rice  bid  shall  indii de  the  furnishiiy  and  placing  of  all  matensh; 
an  mJTing,  tan^Mng,  finishing,  and  all  fabor.  applianoes  and  imridrstil 
expenses  necessary  to  complete  the  woik.  The  amoont  to  be  *«*^i««-i 
shall  be  oomputed  br  mohiirfying  the  craw  section  of  contiete  fiomdatiaB 
as  shown  upon  the  plans  or  ordered  by  the  Engineer  by  the  total  length  d 
concrete  foundation  measured  along  the  an  of  tiie 
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Series  of  191 7 
IOWA  STATE  mOHWAY  COMMISSION 

AMES,  I OWA 

Standard    Specifications    For 
Earth  and  Gravel  Road 


Construction 


Revised  series  of  191 7  distributed  by  the  State  Highway  Commis- 
sion under  Chapter  I-A,  Title  VIII,  Supplement  to  the 
Code  191 3  as  amended  by  Acts  of  the  Thirty- 
Sixth  General  Assembly 

Section  Three 

EARTH  ROADS 

I.  Alignment— The  center  of  the  finished  roadway  shall  conform  in  align- 
ment  to  the  center  stakes.  These  stakes  shall  follow,  as  nearly  as  possible, 
the  center  line  of  the  right-of-way. 

3.  Grade  Lines. — The  grade  line  shown  on  the  profiles  shall  denote  the 
crown  of  the  finished  roadway  at  its  center  line. 

3.  Cross-section.— Unless  otherwise  provided  the  cross-section  to  be  used 
is  the  standard  cross-section  of  the  Highway  Commission  for  the  road  system 
on  which  the  work  is  located. 

NoTB.— The  Commission  will  approve  changes  in  the  standard  cross-sec- 
tion to  meet  local  conditions,  on  specific  improvements,  but  a  change  ap- 
proved for  one  road  shall  not  be  construed  to  apply  to  other  roads.  In  each 
case  the  proposed  change  should  be  submitted  to  the  district  engineer  who 
will  make  a  field  examination  to  determine  the  feasibility  of 'the  changes 
proposed. 

4.  Grading.— Under  this  head  will  be  included  all  excavation  and  em- 
bankments required  for  the  formation  of  the  earth  roadway,  cutting  all 
ditches  along  or  contiguous  to  the  road,  forming  the  approaches  to  all  side 
roads  and  farm  entrances,  changing  of  stream^  channels,  and  all  other  exca- 
vations and  embankments  connected  with  or  incident  to  the  construction  of 
the  road.    Grading  will  be  estimated  under  the  following  heads,  viz. : 

Solid  rock  excavation. 
Loose  rock  excavation. 
Earth  excavation. 
Solid  rock  excavation  will  include  all  rock  in  masses  which  cannot  be  re- 
moved without  blasting,  also  all  detached  rock  or  boulders  measuring  not 
less  than  one  cubic  yard  each. 

Loose  rock  excavation  will  include  all  slate  or  other  rock  which  can  be 
quarried  or  remov^  without  blasting,  also  all  detached  rock  or  boulders 
measuring  not  less  than  one-fourth  nor  more  than  one  cubic  yard  each. 
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Earth  excavation  will  include  aU  loose  stones,  boulders,  and  other  materia 
of  every  description  as  found,  which  are  not  included  in  the  above  specific* 
tions  as  solid  and  loose  rock. 

5.  Ezcayation. — Excavation  shall  be  made  in  all  cases  to  the 
alignment  and  cross-section.     Any  roots,  stumps,  or  other  timber  enooovj 
tered  in  the  excavation  shall  be  removed  and  burned  or  otherwise  dii . 
of  as  directed  bv  the  engineer,  but  shall  not  be  placed  in  the  embankments 
All  materials  taken  from  excavations  snail  be  dei>osited  in  the  embankments' 
unless  otherwise  specified  or  directed  by  the  engineer.     The  cost  of  mcvinf 
the  same  when  the  average  length  of  haul  does  not  exceed  five  hundred  (5019 
feet  will  be  considered  as  included  in  the  price  per  cubic  yard  for  excavatiocu 

6.  ProTision  for  Drainage. — If  it  is  necessary  in  the  prosecution  of  tbe 
work  to  interrupt  or  obstruct  the  natural  drainage  of  the  surface,  or  the 
flow  of  artificial  drains,  the  contractor  shall  provide  for  the  same  during  the 
progress  of  the  work  in  such  a  way  that  no  damage  shall  result  to  either 
public  or  private  interests.  He  shall  then  be  held  liable  for  all  damajtes 
which  may  result  from  any  neglect  to  provide  for  either  natural  or  artiftad 
drainage  which  he  may  have  interrupted. 

7.  I&terceptiiig  Ditch. — In  cuts  along  sidehills  where  there  is  a  possbilitji 
of  surface  water  causing  damage  by  flowing  down  the  side  8loi>e  of  the  cut, 
a  ditch  shall  be  constructed  to  intercept  the  surface  water  and  prevent  it 
from  flowing  into  the  cut.  The  contractor  will  be  paid  for  this  work  as  an 
extra. 

8.  Borrow  Pits. — When  sufficient  material  for  the  embankments  is  not 
obtainable  within  the  side  ditches  and  excavations  as  staked  out.  the  con- 
tractor shall  make  up  the  deficiency  from  borrow  pits  laid  out  by  the  engineer. 
Borrowing  must  be  done  from  regular  shaped  borrow  pits  in  order  to  admit 
of  ready  and  accurate  measurements,  care  being  taken  not  to  unnecessarily 
injure  or  disfigure  the  land.  The  banks  must  be  sloped,  the  pits-  so  -con- 
structed that  surface  water  will  drain  out  and  the  premises  left  in  a  conditioa 
satisfactory  to  the  engineer.  The  right-of-way  for  borrow  pits  -will  be  fur- 
nished by  the  county. 

9.  Berms. — Wherever  it  becomes  necessary  to  make  an  excavation  along 
the  side  of  the  road  as  in  the  construction  of  borrow  pits,  ditches,  etc.  a 
berm  not  less  than  four  feet  in  width  shall  be  left  between  the  toe  of  slope 
of  the  roadway  embankment  and  the  top  of  the  excavation  bank. 

10.  Waste. — When  the  amount  of  cut  exceeds  the  amount  of  fill  the  excess 
material  shall  be  dei>osited  as  direoted  by  the  engineer.  Such  material  shall 
preferably  be  used  in  widening  the  adjacent  'fills  so  as  to  reduce  the  side 
slopes  thereon. 

11.  Embankments. — Embankments  shall  be  carried  up  in  horizontal 
layers,  each  of  which  shall  be  carried  out  to  its  proper  width  in  the  cross- 
section  of  the  roadway.  Sod  obtained  in  the  cuts  may  be  deposited  in  tbe 
embankments  provided  it  is  so  placed  as  to  be  not  closer  than  twelve  (12) 
inches  to  the  finished  roadway  or  subgrade.  Stones  obtained  from,  cuts 
shall  be  so  distributed  in  the  embankments  as  to  not  form  pockets  or 
cavities.  All  existing  slopes  and  surfaces  of  embankment  shall  be  plowed 
where  additional  fill  is  to'  be  made,  so  that  the  new  material  will  bond  with 
the  old. 

12.  Guard  Rail. — Where  the  height  of  an  embankment  is  over  six  feet, 
substantial  guard  rails  shall  be  constructed  along  the  shoulders.  Such  guard 
rail  will  be  paid  for  at  the  price  bid  per  lineal  foot  of  rail.  Where  the  height 
of  the  embankment  is  six  feet  or  less,  the  side  slopes  shall  be  flattened  to  a 
slope  not  steeper  than  thrte  to  on€  (3  :  i)  unless  Otherwise  shown  on  the  plans. 

13.  Sod  in  Blade  Grader  Work  and  Shallow  Fills. — In  blade  grader  woric 
and  in  fills  so  shallow  that  the  sod  cannot  be  kept  at  least  twelve  Iia")  inches 
below  the  finished  roadway,  such  sod.  after  being  cut  loose  with  blade  grade 
or  plows,  shall  be  disked  and  harrowed  until  it  is  reduced  to  small  pieces 
which  will  not  interfere  with  traffic.  These  small  pieces  of  sod  shall  not  be 
deposited  in  the  middle  of  the  road  but  shall  be  deposited  near  the  shoulders 
and  shall  be  covered  with  earth.  The  middle  portion  of  the  road  shall  be 
formed  of  earth  free  from  sod.  The  disking  and  harrowing  of  sod  is  included 
in  the  price  bid  for  excavation'. 

14.  Side  Ditches. — The  side  ditches  shall  be  excavated  to  the  depth. 
alignment,  and  cross-section  shown  on  the  drawings.  Care,  shall  be  taken 
to  secure  a  uniform  grade  on  the  ditches  so  that  the  water  will  readily  drain 
out.  and  to  secure  smooth,  uniform  slopes  on  the  ditch  banks  in  strict  con- 
formance with  the  drawings. 
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15.  Clearing  and  Grubbing. — The  ground  included  in  the  highway  must 
be  cleared  of  trees,  stumps,  brush,  weeds  and  grass  to  the  full  width  of  right- 
of-way,  unless  otherwise  directed.  All  timber,  stumps,  brush,  and  other 
vegetable  matter  must  be  burned  unless  otherwise  directed  by  the  engineer. 
Such  material  shall  not  be  placed  in  the  embankments. 

Where  embankments  are  to  be  more  than  two  and  one-half  feet  in  height, 
it  wiU  be  sufficient  to  cut  all  trees,  stumps,  and  brush  close  to  the  ground. 
Where  embankments  are  to  be  less  than  two  and  one-half  feet  in  neight, 
and  in  all  excavations,  all  stumps  and  large  roots  must  be  grubbed  out  and 
burned  or  removed. 

-  Unless  otherwise  specified,  clearing  and  grubbing  will  be  paid  for  as  extra 
work,  as  provided  in  Section  Two,  paragraph  22.  Allowance  will  be  made 
for  aU  grubbing  in  excavations  for  the  roadbed,  all  grubbing  in  borrow  pits 
ordered  and  staked  out  by  the  engineer  to  supply  material  for  the  embank- 
ments, and  all  grubbing  in  embankments  less  than  two  and  one-half  feet 
high,  but  will  not  be  allowed  for  embankments  over  two  and  one-half  feet 
high,  or  in  borrow  pits  made  by  the  contractor  without  having  been  so 
ordered  by  the  engineer. 

16.  Hedge  rows. — Hedges,  under  these  specifications,  are  rows  of  trees  or 
bushes,  used  for  fence  imrposes  or  wind  breaks,  containing  at  least  three 
bushes  or  trees  per  rod.  For  removing  such  hedges  the  contractor  will  be 
paid  the  price  bid  per  rod. 

17.  Measurements. — Grading  shall  be  estimated  and  paid  for  by  the 
cubic  yard  at  the  prices  specified  in  the  tender.  Measurements  of  grading 
quantities  will,  in  all  cases,  be  made  from  the  cuts  or  pits  from  which  the 
material  is  taken,  by  cross-sectioning  before  and  after  excavation,  and  the 
volumes  determined  by  the  average  end  area  method. 

18.  Haul  and  Overnaul. — The  average  length  of  haul  shall  be  determined 
by  locating  the  center  of  gravity  of  the  cut  and  the  center  of  gravity  of  the 
corresponding  fill.  If  the  center  of  gravity  of  the  cut  is  more  than  five 
hundred  (500)  feet  from  the  center  of  gravity  of  the  corresi>onding  fill,  over- 
haul at  the  rate  of  one  cent  per  cubic  yard  i)er  100  feet  will  be  allowed  for 
the  entire  amount  of  material  in  the  cut  for  the  distance  between  the  centers 
of  gravity  in  excess  of  five  hundred  (500)  feet. 

NOTB. — Should  the  engineer  desire  to  eliminate  any  payment  for  overhaul, 
a  stipulation  to  that  effect  may  be  inserted  in  the  instructions  to  bidders, 
as  provided  in  Section  Two,  paragraph  25. 

19.  Tile  Sub-drains. — Tile  sub-drains  shall  be  put  in  wherever  shown  on 
the  plans.  The  tile  used  shall  meet  the  requirements  of  the  standard  speci- 
fications for  farm  drain  tile  adopted  in  191 6  by  the  American  Society  for 
Testixig  Materials.  The  tile  shall  be  laid  true  to  grade  and  aUgnment 
established  by  the  engineer.  ,  For  furnishing  and  laying  tile  drains,  the  con- 
tractor will  be  paid  at  the  price  bid  for  such  work. 

NoTB.— rThe  first  requirement  of  road  construction  is  to  get  a  well-drained 
roadbed*  For  this  reason,  county  engineers  are  instructed  to  require  tile 
drainage  on  all  portions  of  the  highways  where  there  is  any  question  regard- 
ing the  adequacy  of  the  surface  drainage  or  the  stability  of  the  soil. 

If  possible,  the  flow  line  of  the  tile  shall  be  placed  a  minimum  depth  of 
five  feet  below  the  elevation  of  the  roadway  shoulders.  No  tile  less  than 
six  inches  in  diameter  shall  be  specified. 

Where  the  grade  of  the  side  ditch  is  less  than  one  per  cent.,  inlets  to  the 
tile  shall  be  provided  at  intervals  of  about  five  hundred  feet.  These  inlets 
shall  be  constructed  by  filling  the  trench  for  a  length  of  about  three  feet 
with  coarse  gravel,  broken  stone,  or  other  suitable  proous  material.  The 
top  of  the  porous  material  shall  be  raised  about  eight  inches  above  the  top 
of  the  trench. 

30.  Finishing  Stakes.— The  ensineer  shall  set  suitable  finishing  stakes  to 
guide  the  contractor  in  finishing  the  road. 

NoTB. — One  of  the  most  common  defects  in  earth  road  construction  is  the 
failure  to  bring  the  earth  shoulders  up  to  the  proper  grade  and  alignment. 
The  shoulders  are  often  left  low  and  irregular,  thus  resulting  in  an  unsightly 
road  having  too  much  crown  in  the  center.  ^This  defect  can  be  obviated 
only  by  setting  stakes,  giving  the  grade  and  alignment  of  the  shoulders.  In 
finishing,  the  contractor  should  use  a  templet  to  fit  the  crown  of  the  road, 
and  in  tais  case  stakes  need  be  set  only  along  one  shoulder  or  along  the  center 
line.  If  no  templet  is  used,  finishing  stakes  should  be  set  along  each  shoulder 
and  on  the  center  line. 

Finishing  stakes  on  fills  should  be  set  above  the  established  grade  so  as  to 
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allow  the  proper  amount  of  shrinkage.     Under  average  conditions  tl&e  foBov* 
ing  percentages  for  shrinkage  should  give  satisfactory-  results: 

Depth  of  PUl  ^'SSSSSe'^ 

Up  to  s.o  feet IS  % 

5.0  feet  to  la.o  feet is  % 

I3.0  feet  to  18.0  feet 10% 

21.  Finishing. — If  the  road  is  not  to  be  surfaced  with  gravel,  the  contrsctor 
shall,  after  having  brought  it  substantially  to  grade*  complete  the  work  is 
such  a  manner  that  the  finished  road  will  be  smooth  and  true  to  cios&-9ectaoa. 
grade  and  alignment.  No  extra  compensation  will  be  allowed  for  firtighit^ 
as  this  work  must  be  included  in  the  price  bid  for  excavation. 

If  the  road  is  to  be  surfaced  with  gravel,  the  earthwork  necessaxy  fof 
forming  the  sub-grade  shall  be  executed  in  the  manner  specified  for  the  daai 
of  gravel  surfacing  to  be  used.  The  preparation  of  the  sub-srade  for  the 
gravel  surfacing  islaot  included  in  the  price  bid  for  earthwork. 

22.  InstaUing  Temporaiy  CulvertB.-yTemporary  culverts  will  be  ooostmed 
to  mean  corrugated  ctilverts,  boiler  pipe  ctdverts,  concrete  tile  culverts,  or 
cast  iron  culverts  not  over  thirty-six  inches  in  diameter,  and  placed  without 
permanent  bulkheads.  The  county  will  furnish  and  deliver  temporary  cul- 
verts at  the  railroad  station.  The  contractor  will  be  required  to  hanl 
properly  place,  and  fill  over  such  culverts.  For  this  he  will  be  paid  at  the 
price  bid  per  lineal  foot. 

Section  Four 

1£ATERI4L 

1.  Gravel. — The  gravel  used  in  the  construction  of  Class  A  or  Class  B 
gravel  roads  shall  be  a  pit  or  bank  gravel  conforming  to  the  following  speci- 
fications as  to  grading: 

Passing  a  2"  mesh  screen 100% 

Passing  a  2".  retained  on  \"  mesh  screen %  to % 

Passing  a  i",  retained  on  H"  mesh  screen %to % 

Passing  a  H",  retained  on  H"  mesh  screen %  to % 

Passing  a  H"  mesh  screen 25  %  to % 

■  The  clay  content  shall  not  exceed  fifteen  per  cent.  (15  %)  by  dry  weifl^t. 
Engineer's  Note. — The  county  engineer  should  make  a  careful  aeie 
analysis  of  the  gravel  available  for  the  work  under  consideration  and  shonld 
insert  in  the  above  blank  spaces  the  percentages  which  wiU  secure  the  best 
results,  from  the  material  at  hand.  A  desirable  road  gravel  should  have  t 
grading  within  the  following  limits: 

Passing  2"  mesh  screen 100  % 

Passing  2"  mesh,  retained  on  i"  mesh 30-40  % 

Passing  i"  mesh,  retained  on  H"  mesh • 10-30% 

Passing  H"  mesh,  retained  on  H"  mesh IS-3S  %  ' 

Passing  H"  mesh 25—40  % 

A  gravel  having  over  60  %  passing  a  H"  screen  should  not  be  used  in  gxavvl 
road  construction,  although  8U(^  a  material  might  be  used  in  a  sand-dar 
road. 

2.  CUy  Content. — If  the  gravel  used  contains  insufficient  clay  to  bind  it 
properly,  additional  clay  shall  be  added  in  the  manner  specified  for  the  dass 
of  road  being  constructed.  If  the  gravel  used  contains  too  much  day.  cless 
gravel  or  sand  shall  be  added  until  the  clay  content  is  reduced  to  the  proper 
percentage. 

Note. — The  county  engineer  shall  carefully  test  the  available  ffiavel  sup- 
ply to  determine  the  amount  of  clay  binder,  the  percentage  of  oversixed 
stones,  and  other  information  to  enable  the  contractor  to  xnake  intelUgent 
bids  on  the  work  under  consideration.  • 

3.  Gravel  Supply. — The  source  of  the  gravel  supply  shall  be  stated  in  the 
instructions  to  bidders.  Where  the  gravel  is  to  be  shipped  in,  the  contractor 
will  be  reqtiired  to  furnish  such  material  and  pay  all  freight  charges  and  costs 
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beref or.     A  price  per  cubic  yard  or  per  ton  for  such  gravel  on  board  cars 
kt  the  station  where  it  is  to  be  unloaded  shall  be  stiimlated  in  the  tender. 

Where  the  gravel  is  to  be  secured  from  local  dei)Osits,  such  deposits  shall 
>e  bought  or  optioned  by  the  county.  The  right-of-way  for  a  suitable  road 
i^achinR  such  gravel  deposits  sh^l  suso  be  provided  by  the  county. 

4.  Stripping  the  Gravel  Pits. — Where  the  gravel  pits  are  furnished  by  the 
rounty,  the  contractor  shall  do  the  necessary  stripping,  back-fiUixig,  and 
;he  necessary  grading  on  the  road  leadix^  to  such  pit.  For  this  stripping, 
t>ack-filling,  and  grading  he  will  be  paid  at  the  price  bid  per  cubic  yard  for 
sarth  excavation. 

5>  Loading  GraveL— The  contractor  shall  use  precautions  in  loading  the 
Sravel  so  as  to  secure  the  grading  specified.  The  loacUng  shall  be  done  in 
such  a  way  that  the  clay  which  is  left  on  top  of  the  gravel  will  be  uniformly 
distributed  throughout  the  material.  Large  lumps  of  clay  or  loam  in  the 
gravel  will  not  be  permitted.  Oversized  stones  shall  be  removed  during 
the  loading. 

Note, — If  gravel  is  being  secured  from  deposits  that  are  quite  variable, 
the  county  should  station  a  man  at  the  pit  to  see  that  a  uniform  mixture 
is  secured  in  the  loading,  or  shotdd  require  the  contractor  to  adopt  a  method 
of  loading  which  will  secure  such  uniformity. 

6.-  Rlg^t-of-wa^  for  Hauling  Equipment. — It  is  understood  and  agreed 
that  in  transporting  the  surfacing  material,  the  contractor  shall  have  the 
risht  to  lay  tracks  on,  or  operate  equipment  over,  any  public  highway,  pro- 
vided that' the  tracks  shall  be  so  laid  as  not  to  interfere  with  traffic;  that  the 
contractor  is  responsible  for  any  accidents  which  may  occur  due  to  such 
railway  having  been  laid  on  the  highway,  or  to  damages  resulting  from  the 
highway  being  placed  in  an  improper  or  dangerous  condition,  and  that  the 
iniblic  highway  will  be  left  in  as  good  condition  after  the  hauling  is  finished 
as  when  the  same  was  started. 

The  contractor  shall  maintain  at  his  own  expense  the  road  leading  to  the 
gravel  pit  and  shall  repair  any  damage  to  public  roads  because  of  his  hauling 
over  the  same. 

Motor  trucks  used  in  hauling  shall  not  have  a  loading  in  excess  of  400 
pounds  per  inch  width  of  tire.  This  loading  shall  include  the  weight  of 
the  truck  as  well  as  the  material  being  transported. 

7.  Croshing  Oversized  Stone. — The  contractor  under  these  specifications 
shall  not  be  required  to  crush  any  oversized  stones  unless  a  clause  to  that 
effect  is  inserted  in  the  instructions  to  bidders.  If  such  a  requirement  is 
made,  the  contractor  shall  furnish  all  eqtupment,  material,  and  labor  neces- 
sary to  crush  such  stone,  so  that  it  will  meet  the  reciuirements  of  Section 
Pour,  Paragraph  No.  i,  with  reference  to  size.  Suitable  means  shall  be 
provided  for  mixing  this  crushed  material  with  the  other  gravel  so  that  a 
uniform  product  is  secured. 

Where  crushing  of  oversized  stone  is  required,  a  price  per  cubic  yard  for 
8U€^  crushing  shcUl  be  received. 

Section  Five 

CLASS  A  GRAVEL  SURFACING 

i^  Class  A  Gravel  Surfacing. — Class  A  gravel  surfacing  shall  <y>n8ist  of 
two  courses  of  gravel  of  the  thickness  and  width  shown  on  the  plans.  The 
sub-grade  and  each  course  of  gravel  shall  be  compacted  by  rolUng.     (See 

Plate  No.  34f  page  I40.) 

2,  Earthwork. — Before  any  gravel  surfacing  is  laid,  the  earth  road  shall 
have  been  brought  to  grade  and  cross-section,  and  the  sub-grade  prepared  in 
in  the  manner  specified. 

3.  Preparation  of  Sub-grade  and  Shoulders. — The  sub-grade  for  the  lower 
course  ^sdl  be  shaped  by  excavating  to  the  width  shown  on  the  cross-section 
for  the  lower  course,  and  to  a  depth  such  that  the  top  surface  of  the  lower 
course  will  conform  to  the  grade  and  cross-section  shown  on  the  plans.  The 
material  excavated  shall  be  used  for  constructing  the  shoulders  for  the  upper 
course.  The  edge  of  the  trench  shall  be  true  to. alignment  and  shall  be  as 
nearly  vertical  as  the  nature  of  the  soil  will  permit.  Before  the  upper  course 
of  gravel  is  placed,  the  earth  shoulders  for  that  course  must  be  brought  to 
the  proper  alignment  and  to  such  height  that  they  will  compact  under 
rolling  to  the  proper  thickness  for  this  course. 
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4.  Lateral  Drains. — In  clay  soils,  lateral  drains  shall  be  constructal  at 
intervals  of  from  50  ft.  to  100  ft.  as  may  be  directed  by  the  engineer.  Tliese 
drains  shall  be  about  13"  wide  and  shaJl  be  cut  to  such  depth  that  they  will 
drain  freely  from  the  su1>grade  of  the  lower  course  to  the  side  ditch.  Aboct 
5"  of  coarse  srravel  shall  be  placed  in  the  trench  and  shall  be  covered  with 
earth  to  the  level  of  the  shoulder.  On  hills  over  four  per  cent.  (4  %)  grade, 
the  lateral  drains  shall  slope  down  hill  at  an  angle  of  seventy  degrees ivith 
the  center  line  and  shall  be  cut  through  to  the  center  of  the  road. 

5.  Rolling  the  Sob-prade. — After  the  su1>grade  for  the  lower  course  has 
been  properly  shaped,  it  shall  be  rolled  until  thorough Iv  compacted  and  the 
roller  leaves  no  perceptible  track  thereon.  If,  during  the  rolling,  soft  places 
appear,  this  material  shall  be  removed  and  replaced  with  new  mateiial 
which  can  be  properly  compacted  under  the  roller.  If  sand^  places  an 
encountered,  sufficient  clay  shall  be  added  to  permit  proper  rolling. 

6.  Placing  the  Lower  Course. — The  gravel  for  the  lower  course  shall  be 
placed  on  the  sub-grade  and  spread  uniformly  to  a  depth  such  that  wfaes 
rolled  it  will  have  the  thickness  shown  on  the  plans  for  this  course.  Rvts 
or  depressions  in  the  sub-grade  caused  by  hauling  over  the  same  must  be 
kept  filled  so  as  to  present  a  smooth,  uniform  surface  for  receiving  the  gravd. 
After  being  evenly  spread,  the  lower  course  of  gravel  shall  be  harrowed  three 
times,  or  more  if  necessary,  to  secure  a  uniform  distribution  of  the  fine  and 
coarse  particles.  Any  oversized  stones  which  are  brought  to  the  surface 
by  the  harrowing  shall  be  raked  out  and  placed  on  the  sub-grade,  or  in  the 
lateral  drains,  or  removed  from  the  road  entirely. 

7.  Rolling  the  Lower  Course.^- After  the  lower  course  has  been  harrowed 
it  shall  be  rolled  until  thoroughly  compacted,  and  the  roller  leaves  no  per- 
ceptible track  thereon.  The  additional  sub-grade  for  the  second  course  ^all 
be  shaped  before  the  rolling  for  the  lower  course  begins.  The  rolling  for 
the  lower  course  shall  begin  on  the  additional  sub-grade  for  the  upper  course 
and  the  roller  shall  be  worked  gradually  towards  the  middle  ot  the  road, 
after  which  it  shall  be  taken  to  the  opposite  side  and  the  other  hsUf  of  the 
road  rolled  in  the  same  manner. 

To  aid  in  the  compaction  of  the  gravel,  the  rolling  must  be  done  when  the 
material  has  been  wetted  sufficiently  by  sprinkling  or  by  rain  to  secure  the 
maximum  compaction  possible  with  the  gi'avel  being  usea.  All  hollows  that 
develop  during  rolling  shall  be  filled  with  the  same  grade  of  gravel  and 
reroUed. 

8.  Placing  the  Upper  Course. — The  upper  course  of  gravel  shall  be  spread 
and  harrowed  in  the  manner  specified  for  the  lower  course.  Ruts  caused  by 
hauling  over  the  gravel  must  be  kept  filled  bv  frequent  use  of  the  grader, 
drag,  or  planer.  If  it  appears  that  the  gravel  contains  insufficient  clay  to 
bond  properly,  clay  in  the  proper  quantities  shall  be  added  to  the  lo'ver  course 
prior  to  placing  the  upper  course. 

9.  Rolling  the  Uppffir  Course.-— After  the  upper  course  has  been  placed, 
the  earth  snoulders  therefor  shall  be  built  up  to  such  a  height  that  when 
compacted  by  rolling  they  will  be  true  to  cross-section  and  elevation.  The 
upper  course  of  gravel  shall  be  heavily  sprinkled  and  then  rolled  until  thor- 
oughly compacted  and  the  roller  makes  no  appreciable  track  therein.  If  a 
gravel  deficient  in  binding  material  has  been  used,  rolling  shall  continue  until 
the  clay  which  was  previously  spread  on  the  lower  course  is  forced  up  throurii 
the  upi>er  course  and  the  gravel  is  well  bonded.  If  excess  clay  shoujd 
appear  ig  the  surface,  sand  shall  be  spread  over  the  surface  as  directed  by 
the  engineer  and  the  rolling  continue  until  there  is  no  apparent  excess  clay. 
Depressions  which  may  appear  during  the  rolling  of  the  upper  course  of 
gravel  shall  be  removea  h^  smootlung  the  surface  with  the  blade  grader  or 
planer  or  by  adding  additional  gravel  of  the  same  quality  as  that  used  in 
the  upper  course. 

In  rolling  the  upper  course  the  roller  shall  start  at  least  two  feet  out  on 
the  earth  uioulder  and  shall  be  gradually  worked  towards  the  crown  of  the 
road,  after  which  it  shall  be  taken  to  the  opposite  side  and  the  other  half  of 
the  road  completed  in  the  same  manner. 

10.  Material. — See  Section  Four. 

11.  Cleaning  Side  Ditches  and  Shaping  Earth  Shoulders. — ^After  the  roil- 
ing of  the  upper  course  is  completed,  the  earth  shoulders  shall  be  neatly 
finished  true  to  cross-section,  grade  and  alignment,  the  side  ditches  shall  be 
cleaned  true  to  grade  and  cross-section,  and,  if  necessary,  the  outlets  shall 
be  improved  to  allow  free  discharge  of  surface  water. 
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12.  MachinexT. — (a)  Roller.  The  roller  used  on  this  work  shall  be  a 
self-propelled,  tnree-wheeled  roller,  weighing  not  less  than  eight  nor  more 
than  twelve  tons,  (b)  A  spiked  tooth  harrow  weighing  not  less  than  eight 
pounds  per  tooth  and  having  teeth  of  sufficient  len^h  to  reach  to  the  full 
depth  of  each  layer  of  gravel,  shall  be  used,  (c)  Sprinkler.  The  sprinkling 
tank  shall  be  equippea  with  a  suitable  spray  designed  to  sprinkle  a  strip  of 
at  least  six  (6)  feet  wide. 

13*  Items  Indttded  in  Prices  Bid. — See  Section  Seven. 

Section  Six 

CLASS  B  GRAVEL  SUKPACING 

1.  Class  B  Gravel  Surfacing. — Class  B  gravel  surfacings  shall  consist  of  a 
single  course  of  gravel  of  the  thickness  and  width  shown  on  the  plans.  Un- 
less otherwise  specified  in  the  instructions  to  bidders,  Class  B  gravel  surfaces 
shall  be  constructed  without  rolling.     (See  Plate  No.  34,  page  140.) 

2.  Earthwork. — Before  any  gravel  surfacing  is  laid,  the  earth  road  shall 
liave  been  brought  to  grade  and  cross-section,  and  the  sub-grade  prepared  in 
the  manner  herein  specified. 

3.  Preparation  of  Sub-grade. — ^Along  the  center  line  of  the  finished  earth 
roadway  the  crown  on  the  road  for  the  proper  width  shall  be  shaped  to  con- 
form with  the  sub-grade  shown  on  the  gravel  cross-section.  The  finished 
sub-grade  shall  present  a  smooth,  uniform  surface,  parallel  to  the  grade  line 
shown  on  the  plans.  It  shall  be  excavated  to  such  a  depth,  or  the  earth 
shoulders  shall  be  raised  to  such  a  height  that  the  crown  of  the  finished  road 
shall  conform  from  shoulder  to  shoulder  to  the  crown  shown  on  the  standard 
cross-section. 

4.  Lateral  Drains.— Where  necessary,  lateral  drains  shall  be  cut  through 
the  shoulders  of  the  earth  roadway,  into  the  side  ditches.  These  drains 
shall  be  constructed  as  specified  in  Section  Five,  paragraph  4.  These  drains 
shall  be  placed  at  low  places  in  the  grade  and  at  such  additional  points  as 
may  be  directed  by  the  engineer. 

5.  Placing  the  Gravel. — After  the  sub-grade  is  prepared,  sufficient  gravel 
shall  be  placed  thereon  to  give  the  required  thickness  when  compacted. 

Note. — By  placing  the  loose  gravel  6"  thick  at  the  middle  and  5"  thick 
at  each  edge,  the  compacted  gravel  surfacing  should  conform  substantially 
to  the  standard  cross-section  for  Class  B  road. 

6.  Earth  Shoulders. — Suitable  earth  shoulders  shall  be  constructed  to  pre- 
vent the  gravel  from  spreading  beyond  the  width  shown  on  the  cross-section. 
These  shoulders  may  be  constructed  by  excavating  a  trench  in  the  e&rth 
roadway  and  using  tne  material  thus  excavated  to  finish  the  earth  shoulders, 
or  the  shoulders  may  be  constructed  by  bringing  up  additional  earth  from 
the  sides  of  the  road. 

7.  Spreading  and  Harrowing  the  Grayel. — The  gravel  may  be  spread  with 
shovels  after  being  placed,  or  a  quantity  may  be  placed  and  spread  with  a 
road  machine.  After  the  material  has  been  spread  to  a  uniform  thickness 
it  shall  be  harrowed  not  less  than  three  times  with  a  spiked  tooth  harrow 
weighing  not  less  than  eight  pounds  jper  tooth,  and  having  teeth  of  sufficient 
length  to  stir  the  material  to  its  entire  depth.  All  over  sized  pebbles  which 
appear  during  the  harrowing  shall  be  carried  ahead  and  placed  on  the  sub- 
grade  or  in  the  lateral  drains,  or  shall  be  removed  from  the  road  entirely. 

8.  MateriaL — See  Section  Pour. 

9.  Adding  Clay  Binder. — By  order  of  the  engineer,  additional  binder  in 
the  quantities  designated  shall  be  spread  uniformly  over  the  surface  of  the 
gravel.  The  clay  and  gravel  shall  then  be  thoroughly  mixed  by  harrowing, 
discing,  or  other  suitable  means.  The  mixing  shall  oe  done  only  after  the 
road  has  been  wetted  either  by  sprinkling  or  by  rain.  Care  shall  be  taken 
in  adding  the  binder,  as  sod,  foreign  matenal,  or  material  deficient  in  binding 
properties  will  not  be  permitted  on  the  gravel  road. 

10.  Cleaning  Side  i)itches  and  Shaping  Earth  Shoulders. — ^After  the 
gravel  surfacing  is  completed,  the  earth  shoulders  shall  be  neatly  finished 
true  to  cross-section,  grade  and  alignment,  the  side  ditches  shall  be  cleaned 
true  to  grade  and  cross-section,  and,  if  necessary,  the  outlets  shall  be  im- 
proved to  allow  free  discharge  of  surface  water. 

11.  RoUing. — If  rolling  is  specified  in  the  instructions  to  bidders,  the  sub- 
grade  and  gravel  surface  shall  be  rolled  as  specified  in  Section  Five  for  Cl|iss 
A  gravel  surfaces. 

Z3.  Items  Included  in  Price  Bids. — See  Section  Seven, 
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43.5*  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 
of  cubic  yards  of  compacted  material  ita  the  completed  course.  The  amount 
to  be  estimated  shall  be  computed  by  multiplying  the  finished  cross-section 
of  the  foundation  course  as  shown  upon  the  plans  or  ordered  by  the  Bngineer, 
by  the  length  of  the  foundation  course  measured  along  the  axis  of  the  paTC- 
ment.  The  i>rice  bid  shall  include  the  furnishing,  placing,  filling,  rolling  0^ 
the  material  and  all  labor  and  incidental  expenses  necessary  to  complete  the 
work. 

BOTTOM  COURSE 

Item  43— "Rttn  of  Bank*'  Gravel 

43.1.  Under  this  item  the  Contractor  shall  furnish  and  place  approved 
*'Run  of  Bank"  gravel  either  upon  the  properly  preparea  sub-grade  or 
upon  the  foundation  course.  The  work  sluul  be  i>erf ormed  in  full  conformity 
to  the  specifications  given  under  sections  4^.2  to  44.9  inclusive,  so  far  as 
same  are  not  inconsistent  with  the  use  of  such  gravel. 

43.2.  All  gravel  shall  be  of  hard,  durable  stone  satisfactory  to  the  Bn^neer. 
The  particles  shall  be  of  such  size  as  will  pass  through  a  sH-inch  cu-cular 
hole,  and  shall  be  well  graded.  Gravel  shall  be  of  such  nature  that  tiie 
material  passing  a  i^-inch  screen  shall  not  be  more  than  5  peri  centum  in 
excess  of  the  voids  in  the  remaining  material  after  its  separation  therefrom. 
Before  usin^  "Run  of  Bank"  gravel  in  the  work  the  same  shall  be  tested  to 
determine  its  suitability.  Should  at  any  time  during  the  work  and  for  any 
reason  the  gravel  fail  to  maintain  suitable  proportions  of  the  coarse  and  fine 

{>articles,  the  Contractor  shall  by  the  addition  of  selected  material  and  satis- 
actory  manipulation  produce  a  material  meeting  the  above  requirements. 
^  43-3*  The  depth  of  loose  stone  or  gravel  in  all  cases,  whether  in  founda- 
tion, bottom  or  top  courses,  shall  be  gauged  by  the  use  of  cubical  blocks  of 
suitable  size.     (See  page  59 1.) 

43  •4*  The  spreading  of  any  layer  or  course  of  broken  stone,  gravel  or 
filler,  whether  in  foundation,  bottom  or  top  courses,  shall  be  done  from 
suitable  spreader  wagons  or  from  piles  dumped  along  the  road  as  directed 
by  the  Engineer. 

No  segregation  of  large  or  fine  particles  will  be  allowed,  but  the  stone  as 
spread  shall  be  well  graded  with  no  pockets  of  fine  material. 

43.5.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 
of  cubic  yards  of  compactea  material  in  place  in  the  completed  course. 
The  amount  to  be  estimated  shall  be  computed  by  multiplying  the  finished 
cross-section  of  the  bottom  course  as  shown  on  the  plans  or  ordered  bjr  the 
Bngineer,  by  the  length  of  the  bottom  course  measured  along  the  axis  of 
thepavement. 

The  price  bid  shall  include  the  furnishing,  placing,  rolling  and  filling  the 
material,  and  all  other  labor,  materials  ana  incidental  expenses  necessary 
to  sati^actorily  complete  the  work. 

Item  44 — ^Bottom  Course — Screened  Gravel 
Item  45 — Bottom  Course — Broken  Stone 

44.1.  Under  these  items  the  Contractor  shall  furnish  and  place  stone  or 
gravel,  conforming  to  the  general  requirements  for  same,  either  upon  the 
properly  prepared  sub-grade  or  upon  the  foundation  course.  This  stone  or 
gravel  ^all  be  of  sizes  specified  below. 

44^2.  After  the  sub-grade  or  foundation  course  shall  have  been  properly 
prepared  and  proper  drainage  provided,  a  course  of  broken  stone  or  gravel 
of  graded  No.  3  or  No.  4  or  a  uniform  mixture  of  same  shall  be  spread  evenly 
so  that  it  will  have  eater  roiling  the  required  thickness.  If  specifically 
allowed  by  the  Bngineer  a  limited  amount  of  No.  2  stone  may  be  used  in 
the  bottom  course.  (For  the  meaning  of  these  numbers  in  connection 
with  size  see  page  720). 

In  cases  where  the  finished  thickness  of  the, bottom  course  is  to  be  more 
than  ^  inches,  the  broken  stone  or  gravel  for  it  shall  be  spread,  rolled  and 
filled  in  two  separate  layers  neither  of  which  shall  be  of  a  greater  depth  than 
6  inches  measured  loose. 

1  Not  feasible,  see  page  156. 
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44.3*  Tbe  depth  of  loose  stone  or  gravel  in  all  cases,  whether  in  founda- 
tion, bottom  pf  top  courses,  shall  be  gauged  by  the  use  of  cubical  blocks  of 
suitable  size.     (See  page  591.) 

44..4.  The  spreading  of  any  layer  or  course  of  broken  stone,  gravel  or 
filler,  whether  in  foundation,  bottom  or  top  courses,  shall  be  done  from 
suitable  spreader  wagons  or  from  piles  dumped  along  the  road  as  directed 
by  the  Engineer. 

No  segregation  of  large  or  fine  particles  will  be  allowed,  but  the  stone 
spread  shall  be  well  graded  with  no  pockets  of  fine  material. 

44.5.  After  the  bottom  course  of  stone  or  gravel  has  been  laid  loose  it 
shall  be  thoroughly  rolled  with  an  approved  roller  weighing  not  less  than 
ten  tons. 

This  rolling  must  begin  at  the  sides  and  continue  toward  the  center 
and  shall  continue  until  there  is  no  disturbance  of  the  stone  ahead  of  the 
roller.  After  the  stone  is  thoroughly  compacted  No.  i  stone  or  gravel, 
and  screenings,  or  sand,  or  a  mixture  of  these,  shall  be  uniformly  spread 
upon  the  Surface  and  swept  in  with  rattan  or  steel  brooms  and  rolled  dry. 
After  the  completion  of  the  rolling  no  teaming  other  than  that  necessary 
for  bringing  material  for  the  next  course  shall  be  flowed  over  the  rolled 
materiaC  .  I.t  is.  the  intention  to  bind  this  course  with  the  small  stone,  but 
not  to  use  so  much  that  a  good  bond  will  not  be  secured  between  the  bottom 
and  top  courses..  . 

'  '44.6.  When  two  courses  of  bottom  stone  are  laid  each  course  shall  be 
treated  bv  rolling  and  adding  fine  material  as  described  above. 

44.7.  If  the  sub-grade  material  shall  become  churned  up  into  or  mixed 
with  the  bottom  or  sub-bottom  courses  through  the  Contractor's  hauling 
over  it  or  working  on  it  when  the  sub-grade  is  m  a  wet  condition,  the  Con- 
tractor shall  at  his  own  expense  remove  such  mixture  of  sub-grade  material 
and  broken  stone  and  replace  it  with  clean  broken  stone  of  the  proper  size, 
and  shall  roll  or  otherwise  compact  the  material  so  as  to  produce  a  uniform, 
firm  and  even  bottom  course. 

If  the  above  condition  occurs  throttgh  no  fault  of  the  Contractor,  the 
Contractor  shall  be  paid  both  for  excavating  and  replacing  under  the  items 
' '  Excavation ' '.  and . '  Bottom  Course ' '  respectively. 

44.8.  All  filler  for  top  and  bottom  courses  shall  be  delivered  and  piled 
alongside  the  road  before  the  course  in  which  it  is  to  be  used  is  placed. 

44.9.  The  quantity  to  be  paid  for  under  these  items  respectively  shall 
be  tne  number  of  cubic  yards  of  compacted  material  in  place  in  the  com- 
pleted course.^  The  amount  to  be  estimated  shall  be  computed  by  multi- 
plying the  finished  cross-section  .of  bottom  course  as  shown  upon  the  plans 
or  ordered  by  the  Engineer,  by  the  length  of  the  bottom  course  measured 
along  the  axis  of  the  pavement. 

The  price  bid  for  the  respective  items  shall  include  the  furnishing,  placing, 
filling,  rolling  of  the  material  and  all  labor  and  incidental  expenses  necessary 
to  complete  the  work. 

Item  46 — Concrete  Foundation  for  Pavement 

46.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  a 
propery  prepared  sub-grade,  concrete  foundation  for  pavement  of  the 
thickness  shown  upon  the  plans  or  ordered  by  the  Engineer. 

46.2.  Concrete  foundation  shall  not  be  placed  on  any  sub-grade  until 
the  sub-grade  has  been  properly  drained,  thoroughly  rolled  and  compacted, 
and  is  true  to  line  and  grade  in  horizontal  and  transverse  cross-section. 

46.3.  Concrete  shall  consist  of  a  mixture  of  Portland  cement.  No.  2 
or  No.  3  sand  and  broken  stone  or  gravel.     The  coarse  aggregate  shall 


consist  ol  a  well-mixed  product  of  No.  2  and  No.  3  stone  or  No.  2  and  No.  3 
gravel.  The  fine  aggregate  shall  consist  of  No.  2  or  No.  3  sand.  All  of 
these  materials  shall  conform  in  all  respects  to  the  requirements  given  under 
"Materials  of  Construction,"  pages  717  to  720.  All  specifications  relating 
to  second-class  concrete  shall  apply  to  work  done  under  this  item,  in  so  far 
as  they  are  not  inconsistent  with  the  special  specifications  given  below. 

46.4.  The  concrete  shall  be  mixed  in  the  proportions  of  one  volume 
of  cement  to  two  and  one-half  volumes  of  sand  and  five  volumes  of  broken 
stone  or  gravel.  The  relative  proportions  of  fine  and  coarse  ap;gregate 
may  be  varied  slightly,  as  a' result  of  tests  for  voids  by  the  Engineer,  to 
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a  distance  greater  than  one  (i)  mile.  The  method  of  determining  overhaul 
will  be  in  all  respects  similar  to  that  provided  for  determining  overfaaul  ia 
the  case  of  crushed  stone  surfaces. 

GRAVEL  STJRFACE  (ALABAMA  STATE  SPECIFICATIONS): 

Description. — On  the  sub-grade,  prepared  as  hereinbefore  specified,  shall 
be  constructed  a  gravel  surface  of  the  cross-section  and  compacted  thickness 
shown  on  the  plans. 

Gravel. — Before  any  gravel  is  used  in  the  construction  of  the  road  sur&ce, 
it  shall  first  have  been  approved  by  the  Engineer.  All  gravel  pits  will  be 
furnished  by  the  County,  and  in  general,  those  which  are  acceptable  will  be 
indicated  in  the  special  provisions  accompanying  the  proposal  fomo.  The 
contractor,  however,  must  provide  and  maintain  roads  to  such  ints  at  his 
own  expense. 

When  gravel  for  the  surface  is  to  be  shipped  in,  it  will,  tinless  otherwise 
specified  m  the  special  provisions,  be  furnished  by  the  County,  f.  o.  b.  cars 
at  such  sidings  as  the  engineer  and  contractor  may  agree  upon.  The  coo- 
tractor  shall  unload  cars  promptly,  even  though  the  ^avel  hs^  to  be  dumped 
on  the  ground  and  re-handled.  Gravel  will  be  furnished  as  it  is  needed  by 
the  contractor,  in  so  far  as  the  County  can  secure  the  desired  service  from 
the  railroads,  but  the  County  will  not  be  responsible  for  any  damage  whidi 
the  contractor  may  sustain  on  account  of  delays  or  irr^rularities  on  the  part 
of  railroads  in  furnishing  cars  or  in  delivering  the  gravel  at  the  sidmgs. 
The  contractor  shall  be  responsible  for  any  and  all  demunage  charges  made 
by  the  railroads  on  account  of  delays  in  unloading  cars.  When  the  County 
has  to  pay  demurrage  charges  resulting  from  failure  on  the  part  of  tiie  con- 
tractor to  unload  the  cars  promptly,  the  amounts  so  paid  will  be  charged 
to  the  contractor  and  deducted  from  amounts  that  may  be  or  become  due 
the  contractor  for  work  performed  or  materials  delivered. 

If  it  is  deemed  advisable  to  add  screened  gravel  or  clay  to  the  gravel  before 
it  is  used  as  surfacing  material,  it  will  be  so  specified  in  the  special  clauses 
accompanying  the  proposal  form.  The  screened  gravel  or  day  will  be 
selected  by  the  engineer  and  furnished  by  the  County,  either  in  pits  or  at 
railroad  sidings,  according  to  the  conditions  specified  m  the  precemns  para- 
graph.  The  work  of  admixing  the  screened  gravel  or  clay  with  the  gravel, 
shall  be  done  by  the  contractor  and  as  hereisiafter  specified  under  construc- 
tion methods. 

Construction  Methods. — The  gravel  shall  be  spread  on  the  sub-grade  to 
such  depth  that  when  compacted  the  surface  will  have  the  compacted  thick- 
ness shown  on  the  plans.  It  shall  be  dumped  and  spread  in  the  manner 
hereinbefore  specified  for  dumping  and  spreading  No.  i  and  No.  2  crushed 
stone,  in  the  case  of  crushed  stone  surfaces.  If  rolling  is  to  be  required  it  will 
be  so  specified  in  the  special  clauses  accompaniring  the  proposal  form  and 
shall  be  done  in  the  manner  hereinbefore  specined  for  rolling  crushed  stone 
sui^aces. 

When  the  specifications  call  for  admixing  clay  with  the  gravel,  this  shall 
be  done  in  strict  accordance  with  the  following  directions: 

1.  The  proportion  in  which  the  clay  shall  be  added  is  to  be  determined  by 
the  engineer,  and  the  engineer  may  change  the  proportion  from  time  to 
time,  as  the  exigencies  of  the  case  may  warrant. 

2.  If  practicable,  the  loading  of  the  clay  and  gravel  shall  be  so  managed 
that  each  load  hauled  to  the  road  will  contain  the  proper  proportion  of 
each,  so  mixed  in  loading  that  in  dumping  and  spreading  each  material  win 
be  uniformly  distributed.  If  it  is  impracticable  to  load  the  two  materials 
at  the  same  time,  they  may  be  hauled  to  the  road  separately,  in  which  case, 
the  engineer  will  determine  the  order  in  which  the  clay  shaJl  be  spread  and 
the  depth  of  layer  rejiuired. 

3.  Wherever  clay  is  to  be  mixed  with  the  gravel,  as  above  provided,  and 
no  matter  whether  the  gravel  and  clay  are  hauled  together  or  separately 
as  soon  as  the  materials  for  four  or  five  hundred  (400  or  500)  Unear  feet  o^ 
surface  have  been  spread,  the  entire  mass  shall  be  thoroughly  mixed  by 
means  of  plowing  and  harrowing,  and  the  plowing  and  harrowing  shall  con- 
tinue until  the  entire  surface  is  free  from  lumps  or  pockets  of  clay  and  the 
engineer  is  satisfied  that  the  two  materials  are  uniformly  distributea  through- 
out the  mass.  As  soon  as  the  mixing  is  completed  to  the  engineer's  saus- 
faction,  the  surface  shall  be  shaped  to  conform  with  the  plans,  and  loDed. 
if  rolling  is  specified,  ^^ 
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When  screened  g»vel  is  to  be  added  to  the  surfacing  gravel,  the  method 
<£  znixixi|S  the  two  materials  shall  be  similar  in  all  respects  to  that  specified 
or  admixj-ng  clay  with  surfacing  graveL 

Basis  of  Payment. — The  contract  price  per  cubic  yard  for  gravel  for  sur- 
SLcins  shall  be  full  compensation  for  loosening,  loading,  spreading,  rolling 
jif  rolling  is  specified),  hauling  the  ^avel  one  (i)  mile  or  less,  and  main- 
;aining  the  surface  true  to  cross-section  until  the  road  is  accepted.  Meas- 
xrement  o£  gravel  will  be  made  in  trucks,  wagons  or  cars  as  the  gravel  is 
delivered.  Stripping  of  gravel  pits  will  be  paid  for  at  the  contract  price  for 
common  excavation.  The  bid  price  for  overhaul  of  gravel  will  be  paid  on 
BCravel  necessarily  hauled  a  distance  greater  than  one  (i)  mile.  The  method 
of  determining  overhaul  will  be  in  all  respects  similar  to  that  provided  for 
determining  overhaul  in  the  case  of  crushed  stone  surfaces. 

Where  the  s];>ecification8  call  for  clay  or  screened  gravel  to  be  admixed 
With  the  surfacing  gravel,  these  will  be  paid  for  at  the  contract  rates  for 
surfacins  gravel  and  according  to  the  schedule  outlined  in  the  preceding 
paragraph.  The  contract  price  for  admixing  clay  or  screened  gravel  will 
oe  full  compensation  for  all  plowing,  harrowing,  etc.,  that  may  be  necessary 
in  securing  a  thorough  mixture  of  the  two  materials. 

TOP  SOIL  OR  SAND-CLAY  SURFACE  (ALABAMA  STATE 

SPECIFICATIONS) 

Descriirtion.— Upon  the  sub-grade,  prepared  as  hereinbefore  specified 
shall  be  constructed  a  top  soil  or  sand-clay  surface  of  the  cross-section  and 
compacted  thickness  shown  on  the  plans. 

Surfacing  Material. — The  surfacing  material  shall  consist  of  top  soil  or 
natural  sand-clay  obtained  from  fields  or  pits  designated  by  the  engineer, 
and  as  near  the  right-of-wav  as  practicable,  or.  in  the  event  that  it  is  im- 

f>racticable  to  secure  suitable  top  soil  or  natural  mixed  sand-clay,  the  sur- 
ace  shall  consist  of  an  artificial  mixture  of  sand  and  clay,  the  materials  for 
which  artificial  mixture  shall  be  obtained  from,  places  designated  by  the 
engineer.  Before  any  surfacing  material  is  used  it  shall  first  have  been  ap- 
proved bjr  the  engineer.  The  surfacing  material  shall  be  free  from  trash  or 
other  foreign  matter  and  contain  no  stones  or  boulders  that  would  fail  to  pass  a 
one  and  one-half  (i  H)  inch  ring.  Should  any  such  non-H'ad  building  material 
be  placed  on  the  road,  it  shall  be  removed  b^r  the  contractor  at  his  own  expense. 
The  fields  or  pits  from  which  the  surfacing  material  is  to  be  obtained  will 
be  furnished  by  the  County  free  of  charge  to  the  contractor,  but  the  con- 
tractor must  provide  and  maintain  at  his  own  expense,  all  necessary  roads 
for  hauling  the  surfacing  material  to  the  roaH. 

Construction  Methods — Case  x. — Where  the  surfacing  material  consists 
of  either  top  soil  or  natural  sand-clay  that  has  been  approved  for  use  without 
the  admixture  of  any  other  material,  it  shall  be  evenly  spread  on  the  sub- 
grade  to  sudb  depth  that  when  compacted  the  surface  will  have  the  com- 
pacted thickness  shown  on  the  plans.     The  material  shall  be  dumped  on 
the  sub-^de  in  longitudinal  rows  containing  not  more  than  one-third  (H) 
of  a  cubic  yard  to  lo  lineal  feet,  and  the  number  of  rows  shaU  be  such  that 
when  the  material  is  spread,  the  desired  cross-section  and  thickness  of  sur- 
face will  be  obtained.     After  sufficient  material  has  been  dumped  in  this 
way  for  one  hundred  or  two  hundred  (lOO  or  200)  feet  of  road  surface,  and 
before  any  part  of  the  rows  have  commenced  to  pack,  it  shall  be  spread 
approximately  to  the  required  cross-section  and  harrowed  to  secure  uniform- 
ity.   The  spreading  may  be  done  by  hand  or  with  a  road  machine  in  the 
following  manner:  i .  The  machine  snail  be  run  over  the  road  with  the  blade 
set  so  as  to  scrape  off  the  tops  of  the  piles  and  fill  in  the  spaces  between;  2. 
The  outside  edges  shall  be  gone  over  with  the  blade  set  so  as  to  pull  the  top 
soil  or  sand-clay  toward  the  center;  3.  The  grading  machine  shall  be  run 
.  over  the  shoulders  so  as  to  pull  the  shoulder  material  np  against  the  surfacing 
'  material  and  thus  bring  the  entire  road  surface  approximately  to  the  required 
cross-section.     The  surfaced  portion  of  the  road  shall  then  be  harrowed  with 
either  a  tooth  or  disc  harrow  until  uniform  density  is  secured,  after  which 
the  road  shall  be  brought  to  the  required  cross-section  and  so  maintained 
until  accepted.     The  shaping  or  reshaping  of  the  surface  shall  be  undertaken 
only  when  the  weather  conditions  are  such  that  the  loosened  surfacing  or 
shoulder  material  will  be  readily  compacted  by  traffic  to  form  a  well  bonded 
lurfaoe. 
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Case  2. — When  the  surfacing  material  is  to  consist  of  an  artificial  mixtm 
of  sand  and  clay,  made  by  mixing  the  material  of  the  roadbed  with  sand  « 
clay  from  some  other  source,  the  construction  shall  proceed  in  the  fc^ovisK 
manner: 

1.  The  surface  o€  the  roadbed  shall  be  thoroughly  loosened  by  plowiai 
and  harrowing  to  a  depth  of  from  4  to  8  inches,  according  to  the  natore  of 
the  two  materials  to  be  mixed,  and  as  the  engineer  may  direct. 

2.  The  material  to  be  added  shall  be  dumped  and  spread  in  tlie  mamiB 
described  for  Case  i. 

3.  The  added  material  shall  be  thoroughly  mixed  and  incorporated  with 
the  material  of  the  road-bed.  The  mixing  shall  be  done  b;^  Tn<»a^rMy  of  plowjog 
and  harrowing  and  shall  continue  until  tfM  engineer  is  satisfied  that  the  two 
materials  are  thoroughly  mixed  in  proper  proportion.  A  part  of  this  mixiiv 
shafl  be  done  when  the  road  is  wet  so  that  the  surface  will  be  puddled. 

4.  If.  after  mixing  the  two  materials  as  above  described,  a  deficiency  of 
the  added  material  is  apparent  at  any  point,  such  deficiency  shall  be  iniiiie> 
diately  corrected  by  spreading  more  of  the  added  material  at  that  point  aiil 
continuing  the  mixing  as  above  described. 

5.  After  the  mixing  is  complete,  as  above  specified,  the  road  shall  tie 
shaped  and  maintained  as  provided  in  Case  i,  except  that  wherever  a  poor 
mixture  is  observed,  it  shau  be  corrected  by  additional  mixing  or  by  addinf 
necessary  material  and  mixing. 

Case  3. — When  the  surfacing  material  is  to  consist  of  an  artificial  mixtate 
of  sand  and  clay,  both  ctf  which  materials  are  to  be  obtained  from  withoot 
the  road,  the  construction  shall  proceed  in  the  following  manner: 

1.  The  materials  shall  be  spread  in  successive  layers  on  the  road  and  mind 
in  place.  The  engineer  will  determine  the  order  in  which  the  two  znateriab 
ahtul  be  spread,  as  well  as  the  depth  of  layer  for  each  material. 

2.  The  duminng  and  spreading  of  the  materials  shall  be  done  as  specified 
for  Case  i. 

3.  The  mixing  of  the  two  materials  and  the  shaping  and  maintaining  of 
the  road  shall  be  done  as  specified  for  Case  2. 

Basis  of  Payment.-— The  contract  price  per  cubic  yard  for  top  soil  or 
natural  sand-clay  surfacing  material  shall  be  full  compensation  for  loosening, 
loading,  spreading  and  harrowing,  and  for  hauling  the  surfacing  material 
one  (i)  mile  or  less,  as  well  as  for  shaping  and  maintaining  the  surface  trne 
to  cross-section  until  the  road  is  accepted.  In  the  case  of  an  artific^JlT 
mixed  surface  the  materials  brought  on  to  the  road  will  be  paid  for  at  the 
contract  price  per  cubic  yard  for  top  soil  or  natural  sand-clay  surfacing 
material,  which  will  include  all  the  items  mentioned  above  except  harrowing, 
and  the  contract  price  per  square  yard  for  mixing  will  be  full  compensatioB 
for  all  neoessarv  hanowing,  plowing  or  other  mixing.  Measurement  of  all 
top  soil  or  sand-day  surfacing  materials  will  be  made  in  trucks,  wagons  or 
cars,  as  it  is  delivered  on  the  road,  except  that  where  the  surfacing  mateml 
is  hauled  in  scrapers  or  shoveled  on  to  the  road,  it  will  be  measured  compacted 
in  place  on  the  road. 

Stripping  of  surfacing  material  pits  will  be  paid  for  at  the  contract  price  for 
common  excavation. 

The  bid  price  for  overhaul  of  sand-clay  will  be  allowed  on  all  sand-day 
materials  necessarily  hauled  a  distanos  greater  than  one  (i)  mile.  The 
method  of  determining  overhaul  will  be  in  all  respects  similar  to  that  provided 
for  determining  overhaul  in  the  case  of  crushed  stone  surfaces. 

TOP  COURSE  (NEW  YORK  STATE  SPECIFICATIONS,  ITEMS  47  to  55) 

Item  47 — Top  Course — Water  Bound  Macadam — Oravel 

47.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  the 
bottom  course,  gravel  of  an  approved  character  to  form  the  top  course. 

47.2.  The  top  course  shall  consist  of  approved  gravel  of  the  chaiacter 
hereinbefore  specified  and  of  the  thickness  shown  on  the  plans,  together 
with  the  binder  necessary  to  properly  fill  and  bind  the  course.  For  this 
purpose  gravel  of  No.  3  size  with,  when  approved  by  the  Engineer,  a  certain 
amount  of  No.  2  size,  may  be  used.  (Seepage  730f  or  meaning  of  thesentunben 
as  to  size.)  Run  of  bank  gravel  shall  not  be  used  except  by  written  pennii- 
sion  of  the  Division  Engineer;  this  permit  must  be  giyen  in  advance,  diall 
specify  the  locality  from  which  it  is  to  be  taken,  and  contain  a  proviso  tliat 
if  the  material  should  at.any  time  become  unsatisfactory  its  use  shall  at  onct 
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^rV\«Ti   screened  g»vel  is  to  be  added  to  the  surfacing  gravel,  the  method 
mucins  the  two  materials  shall  be  similar  in  all  respects  to  that  specified 
t  adznuung  clay  with  surfacing  gravel. 

Basis  of  Payment. — The  contract  price  per  cubic  yard  for  gravel  for  sur- 
cisAK  slxall  be  full  compensation  for  loosening,  loading,  spreading,  rolling 
:  Tolling  is  specified),  hauling  the  ^avel  one  (i)  mile  or  less,  and  main- 
inizig:  -the  surface  true  to  cross-section  until  the  road  is  accepted.  Meas- 
leta.erx't  of  gravel  will  be  made  in  trucks,  wagons  or  cars  as  the  gravel  is 
i^ivered.  Stripping  of  gravel  pits  will  be  paid  for  at  the  contract  price  for 
»ixixziozi  excavation.  The  bid  price  for  overhaul  of  gravel  will  be  paid  on 
ravel  necessarily  hauled  a  distance  greater  than  one  (i)  mile.  The  method 
:  deterxnining  overhaul  will  be  in  all  respects  similar  to  that  provided  for 
eterrnixiing  overhaul  in  the  case  of  crushed  stone  surfaces. 

"Wliere  the  s];>ecifications  call  for  clay  or  screened  gravel  to  be  admixed 
Hith.  tb.e  surfacing  gravel,  these  will  be  paid  for  at  the  contract  rates  for 
jirfacins  gravel  and  according  to  the  schedule  outlined  in  the  preceding 
«ur&sTB.pli.  The  contract  price  for  admixing  clay  or  screened  gravel  will 
ter  full  compensation  for  all  plowing,  harrowing,  etc.,  that  may  be  necessary 
ci  securing  a  thorough  mixture  of  the  two  materials. 

TOP  SOIL  OR  SAND-CLAY  SURFACE  (ALABAMA  STATE 

SPECIFICATIONS) 

^eecriiition.— Upon  the  sub-grade,  i>repared  as  hereinbefore  specified 
shall  be  constructed  a  top  soil  or  sand-clay  surface  of  the  cross-section  and 
compacted  thickness  shown  on  the  plans. 

Surfacing  Material. — The  surfacing  material  shall  consist  of  top  soil  or 
natural  sand-clay  obtained  from  fields  or  pits  designated  by  the  eng;ineer, 
and.  as  near  the  right-of-way  as  practicable,  or,  in  the  event  that  it  is  im- 
practicable to  secure  suitable  top  soil  or  natural  mixed  sand-clay,  the  sur- 
face shall  consist  of  an  artificial  mixture  of  sand  and  clay,  the  materials  for 
which  artificial  mixture  shall  be  obtained  from  places  designated  by  the 
engineer.    Before  any  surfacing  material  is  used  it  shall  first  nave  been  ap- 
proved bjr  the  engineer.    The  surfacing  material  shall  be  free  from  trash  or 
other  foreign  matter  and  contain  no  stones  or  boulders  that  would  fail  to  pass  a 
one  and  one-half  (i  M)  inch  ring.     Should  any  such  non-H'ad  building  material 
be^aced  on  the  road,  it  shall  be  removed  b^r  the  contractor  at  his  own  expense. 
The  fields  or  pits  from  which  the  surfacing  material  is  to  be  obtained  will 
be  furnished  by  the  County  free  of  charge  to  the  contractor,  but  the  con- 
tractor must  provide  and  maintain  at  his  own  expense,  all  necessary  roads 
Cor  hauling  the  surfacing  material  to  the  roaH. 

Construction  Methods — Case  x. — Where  the  surfacing  material  consists 
of  cither  top  soil  or  natural  sand-clay  that  has  been  approved  for  use  without 
the  admixture  of  any  other  material,  it  shall  be  evenly  spread  on  the  sub- 
grade  to  such  depth  that  when  compacted  the  surface  will  have  the  com- 
pacted thickness  shown  on  the  plans.     The  material  shall  be  dumped  on 
the  sub-^ade  in  longitudinal  rows  containing  not  more  than  one-third  (H) 
of  a  cubic  yard  to  lo  lineal  feet,  and  the  number  of  rows  shall  be  such  that 
when  the  material  is  spread,  the  desired  cross-section  and  thickness  of  sur- 
face -vrill  be  obtained.     After  sufiicient  material  has  been  dumped  in  this 
way  for  one  hundred  or  two  hundred  (lOO  or  200)  feet  of  road  surface,  and 
before  any  part  of  the  rows  have  commenced  to  pack,  it  shall  be  spread 
approximately  to  the  required  cross-section  and  harrowed  to  secure  uniform- 
ity.   The  spreading  may  be  done  by  hand  or  with  a  road  machine  in  the 
following  manner:  i.  Tne  machine  shall  be  run  over  the  road  with  the  blade 
set  so  as  to  scrape  off  the  tops  of  the  piles  and  fill  in  the  spaces  between;  2. 
The  outside  edges  shall  be  gone  over  with  the  blade  set  so  as  to  pull  the  top 
soil  or  sand-clay  toward  the  center;  3.  The  grading  machine  shall  be  run 
■  over  the  shoulders  so  as  to  pull  the  shoulder  material  up  against  the  surfacing 
material  and  thus  bring  the  entire  road  surface  approximately  to  the  required 
cross-section.     The  surfaced  portion  of  the  road  shall  then  be  harrowed  with 
cither  a  tooth  or  disc  harrow  until  uniform  density  is  secured,  after  which 
the  road  shall  be  brought  to  the  required  cross-section  and  so  maintained 
until  accepted.     The  shaping  or  reshaping  of  the  surface  shall  be  undertaken 
only  when  the  weather  conditions  are  such  that  the  loosened  surfacing  or 
shoulder  material  will  be  ratdily  compacted  by  traffic  to  form  a  well  bonded 
surface. 
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previouslv  placed  alongside  the  pavement,  and  immediately  swept  in  and 
thoroughly  rolled.  Care  must  be  taken  throughout  to  add  the  binder  only 
in  light  coatings  and  to  thoroughly  sweep  each  coating  in  order  that  the 
maximum  amount  of  binder  may  be  worked  in  to  fill  the  voids.  The  spread- 
ing and  sweeping  and  rolling  shall  be  continued  until  no  more  binder  will 
go  in  dry,  after  which  the  macadam  shall  be  sprinkled  until  saturated,  the 
sprinkler  being  followed  by  the  roller.  If  the  sub-grade  should  become 
wet  to  such  an  extent  that  the  pavement  becomes  unstable  and  waves 
under  the  roller,  the  roller  shall  be  taken  off  and  this  portion  left  to  dry  out 
before  puddling^  is  resumed. 

More  screemngs  shall  be  added  where  necessary,  and  the  sweeping, 
sprinkling,  and  rolling  shall  continue  until  a  grout  has  been  formed  that 
shall  fill  all  the  voids  and  be  pushed  into  a  wave  by  the  wheels  of  the  roller. 
After  the  wave  of  grout  has  been  produced  over  the  whole  section  of  the 
macadam  this  portion  shall  be  left  to  dry  out,  after  which  it  shall  be  opened 
to  traffic.  The  macadam  shall  be  repuddled  and  back-rolled  on  succ^ding 
days  as  much  as  may  be  necessary  to  secure  satisfactory  results.  The 
macadam  shall  then  be  covered  with  a  wearing  carpet  of  screenings  at  least 
three-eu^hths  of  an  inch  thick;  this  wearing  carpet  shall  be  maintained  and 
renewed  until  the  whole  road  is  accepted.  During  all  the  working  houn 
when  the  roller  is  not  needed  for  roUing  the  fills,  sub-grade,  shoulders 
and  unfinished  courses  of  the  pavement,  it  shall  be  employed  in  back-rolling 
the  earlier  portions  of  the  macadam. 

48.4.  The  quantity  to  be  paid  for  under  this  time  shall  be  the  number 
of  cubic  yards  of  compacted  material  in  place  in  the  completed  course. 
The  amount  to  be  estimated  shall  be  computed  by  multiplying  the  finished 
cross-section  of  the  top  course  as  shown  on  the  plans  or  ordered  by  the 
Engineer,  by  the  length  of  the  top  course  measured  along  the  axis  of  the 
pavement. 

The  price  bid  shall  include  the  furnishing,  placing,  rolling,  filling  and 
puddling  of  the  material,  and  all  labor,  material  and  incidental  expenses, 
necessary  to  complete  the  work. 

No.  I  stone  or  gravel,  chips  or  screenings  remaining  loose  on  the  surface 
after  the  work  is  completed  shall  not  be  estimated  as  a  part  of  the  depth  of 
the  top  course,  but  payment  therefor  shall  be  included  m  the  price  bid  for 
this  item. 

Item  49 — Cleaning  Old  Pavement 

49.1.  The  purpose  of  the  work  called  for  under  this  item  is  to  prepare 
an  old  macadani  or  old  concrete  surface  for  the  application  of  a  new  top 
course  or  a  wearing  carpet. 

49.3.  Under  this  item  the  Contractor  shall  clean  the  old  macadam  or 
concrete  suif  ace  by  the  use  of  seal  hand  brooms  or  by  the  use  of  mechanical 
sweepers  of  approved  type,  as  directed  by  the  Engineer,  so  as  to  completely 
uncover  but  not  dislodge  the  embedded  stones  of  the  pavement. 

All  mud,  dust,  and  other  dirt  so  swept  off  shall  then  be  removed  and 
deposited  in  such  places  and  in  such  manner  as  the  Engineer  may  direct. 

49.3.  Ruts  and  depressions  of  a  greater  depth  than  one  inch  below  the 

general  surface  of  the  pavement  shall  be  completely  swept  out  by  hand 
rooms  until  all  loose  material  has  been  removM,  and  the  embeddea  stones 
are  fully  uncovered. 

This  operation  of  cleaning  out  the  ruts  and  depressions  and  filling  them 
with  thoroughly  compacted  stone  and  binder  to  the  general  level  of  the 
surface,  shall  precede  the  general  operation  of  cleaning  the  macadam  surface. 

49.4.  The  amount  to  be  paid  for  under  this  item  shall  be  the  actoal 
number  of  square  yards  of  old  macadam  or  concrete,  including  ruts  and. 
depressions,  cleaned  in  accordance  with  the  above  sections  and  to  the 
satisfaction  of  the  Engineer. 

The  price  bid  shall  include  all  labor,  tools,  appliances,  the  removal  of  mate-> 
rial  cleaned  from  the  surface,  and  all  other  expenses  incidental  thereto. 

Item  50 — Scarifying  and  Reshaping  Old  Macadam 

50.1.  The  purpose  of  the  work  under  this  item  is  to  prepare  old  macada.m 
pavement  for  the  application  of  a  top  course. 
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50.2.  Under  this  item  the  Contractor  shall  thoroughly  scarify  the  old 
macadam  by  hand  picking  or  by  means  of  a  mechanical  scarifier  of  approved 
tjrpe.  Unless  specifically  authorized  by  the  Engineer,  the  use  of  a  roller 
with  spiked  wheels  will  not  be  permitted. 

The  loosened  stones  shall  then  be  forked  or  raked  over  as  directed  by 
the  Engineer,  after  which  the  macadam  shall  be  compacted  by  rolling 
with  a  self-propelled  roller  weighing  not  less  than  lo  tons  until  an  even 
and  firm  surface  is  x>roduced.  If  necessary  in  order  to  satisfactorily  com- 
pact the  stones,  the  macadam  shall  be  sprinkled  during  the  process  of 
rolling. 

50.3.  The  quantity  to  be  j^aid  for  under  this  item  shall  be  the  actual 
number  of  square  yards,  scarified,  reshaped,'  rolled  and  compacted  to  the 
satisfaction  of  the  Engineer,  and  the  price  stipulated  shall  include  all  labor 
appliances  and  expenses  incidental  thereto. 

Item  5z — Surface  Treatments  with  Bituminous  Material 

5 1. 1.  Under  this  item  the  Contractor  shall  apply  bituminous  material 
and  shall  apply  broken  stone  or  gravel  of  specified  sizes  as  a  wearing  carpet 
to  a  new  or  old  pavement  of  macadam,  concrete,  or  any  other  substance  or 
type,  as  shown  on  the  plans  or  ordered  by  the  Engineer. 

51. 2.  If  the  pavement  to  be  treated  is  a  newly  built  macadam  or  concrete' 
after  it  shall  have  become  thoroughly  dried  and  hardened,  it  shall  be  swept 
clean  of  all  dust,  dirt  or  other  loose  material;  if  ordered  by  the  Engineer, 
the  sweeping  of  the  macadam  shall  be  continued  until  the  voids  are  exposed 
in  the  surface  to  a  satisfactory  depth,  not  exceeding  one-half  inch.  The  price 
bid,  under  this  item,  shall  include  the  aforesaid  cleaning  of  the  pavements. 

If  the  pavement  to  be  treated  is  an  old  macadam  or  old  concrete,  the 
cleaning  shall  be  paid  for  under  item  "Cleaning  Old  Pavement." 

51.3.  After  the  pavement  shall  have  been  cleaned  to  the  satisfaction 
of  the  Engineer,  and  when  dry,  the  bituminous  material  shall  be  uniformly 
sprayed  over  the  surface  by  means  of  an  approved  pressure  distributor. 
'The  bituminous  material  for  hot  application  shall  be  heated  to  a  tem- 
I>erature  between  250  degrees  and  350  degrees  P.  as  required,  and  when 
tar  is  used,  it  shall  be  heated  to  a  temperature  between  200  degrees  and 
250  degrees  F.  as  required. 

The  amount  of  bituminous  material  to  be  used  in  any  one  application 
shall  not  be  less  than  one-sixth  nor  more  than  one-half  gallon  per  square 
yard,  the  precise  quantity  depending  upon  the  character  of  the  pavement, 
the  materials  and  the  local  conditions.  The  Contractor  shall,  therefore, 
be  subject  entirely  to  the  direction  of  the  Engineer  in  this  respect. 

51.4.  The  bituminous  material  applied  as  above  specified  shall  then 
be  immediately  covered,  while  soft,  with  a  uniform  layer  of  approved  broken 
stone  of  No.  2  or  No.  i  size,  after  which  the  stone  shall  be  rolled  with  a  self- 
propelled  roller  of  approved  weight.  If  ordered  by  the  Engineer  another 
application  of  bituminous  material  shall  then  be  made  to  be  followed  by  an 
application  of  approved  No.  2  stone  or  approved  No.  i  stone,  and  again 
rolled  to  the  satisfaction  of  the  Engineer. 

The  quantity  of  No.  2  stone  and  of  No.  i  stone  to  be  used  shall  be  suf- 
ficient to  completely  cover  the  bituminous  material  and  shall  be  spread  in 
two  or  more  thin  applications,  the  roller  being  used  after  each  spreading. 
The  total  amount  of  stone  to  be  used  after  each  application  of  the  bituminous 
material  being  that  which  will  become  imbedded  under  the  pressure  of  the 
roller.     The  final  application  of  the  stone  snail  be  of  No.  i  size. 

51.5.  Gravel,  which  has  been  tested  and  approved  for  use,  may  be  sub- 
stituted for  broken  stone  if  screened  to  produce  particles  corresponding 
with  No.  2  and  No.  i  sizes. 

51.6.  No  bituminous  material  for  surface  treatment  shall  be  placed 
between  October  isth  and  May  isth,  except  by  written  permission  of 
the  Engineer,  nor  when  the  air  temperature  on  the  work  is  below  50  degrees  F., 
nor  when  the  pavement  is  danvp  or  in  an  otherwise  unsatisfactory  condition. 

51.7.  tJnder  this  item  the  Contractor  shall  be  paid  for  the  number  of 
gaUons  of  bituminous  material  furnished  in  and  incorporated  in  the  work 
m  accordance  with  these  specifications  and  the  orders  of  the  Engineer. 
Bituminous  material,  that  nas  been  wasted  or  that  has  been  rendered 
unfit  for  use  by  over-heating  or  by  long-continued  heating,  shall  not  be 
paid  foTf    For  purposes  of  measurement,  a  gallon  shall  be  a  volume  of 
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a^  Cttbie  inches  and  measurement  shall  be  based  on  the  voliime  of  tiie 
bituminotis  material  at  a  temperature  of  60  degrees  F. 

The  price  bid  shall  include  the  fumishuig,  hauling,  heating  and  applyitt 
the  bituminous  material,  and  shall  also  indude  the  spreading.  roUmg  m 
incorporation  of  the  stone  into  the  wearing  carpet. 

This  item  shall  not  include  the  furnishing  of  the  No.  i  and  No.  2  stone 
or  gravel,  nor  the  delivery  of  same  along  the  side  oi  the  road;  these  will  be 
paid  for  under  Items  Screened  Gravel  or  Broken  Stone  L<>ose  Measuie. 
respectively. 

Item  5a — ^Top  Course  Bittiminoas  Macadam — ^Penetratton  Method 

52. 1.  Under  this  item  the  Contractor  shall  furnish  and  lay  a  brokea 
stone  top  course  composed  of  fra^ents  of  the  specified  sizes,  and  incor- 
porate therewith  bituminous  material  introduced  from  the  surface  by  means 
of  an  approved  pressure  distributor.^ 

1  Hand  spreamng  from  pots  or  hods  is  more  satisfactory  for  the  first  coat 
but  not  for  the  flush  coat. 

53.2.  After  the  bottom  course  shall  have  been  completed  to  the  satis- 
faction of  the  Bngineeri  a  course  of  approved  No.  3  broken  stone  shall  be 
evenly  spread  thereon  m  such  quantity  that  after  the  application  of  the 
bituminous  material  and  broken  stone  of  smaller  sizes,  hereafter  specified, 
the  final  compacted  thickness  of  the  top  course  shall  be  as  called  for  on  the 
plans  or  ordered  by  the  Ensineer. 

The  No.  3  stone  shall  then  be  smoothed  out  bv  passing  over  it  a  few 
times  a  self-propelled  roller  weighing  api>roximately  10  tons,  after  which 
bituminous  material  of  the  kind  specified  in  the  proposal,  heated  to  a  tem- 
perature between  350  degrees  and  350  degrees  Fahrenheit  if  asphalt  is 
used,  and  between  aoo  degrees  and  250  de^ees  if  tar  is  used,  shall  be  evenly 
spreading  over  the  surface.  The  quantity  of  bituminous  material  to  be 
t^ed  in  the  first  ai^plication  shall  be  the  amount  ordered  by  the  Bngineer. 
which  will  approximate  ifi  gallons  per  square  yard  for  a  top  course  3 
inches  thick,  with  a  proportional  reduction  in  the  quantity  for  thinner  coursei 

The  surface  shall  then  be  immediately  covered  with  a  layer  of  approved 
No.  2  broken  stone,  after  which  it  shall  be  compacted  with  a  self-propeOed 
roller  weighing  approximately  10  tons;  during  the  rolling  process,  additional 
No.  a  broken  stone  shall  be  applied  and  broomed  about  until  the  voids  in 
the  No.  3  stone  are  entirely  filled.*  The  rotUng  shall  be  continued  until  the 
course  of  stone  is  thoroughly  compacted  and  its  surface  is  true  and  even  to 
the  established  grade  and  conforms  in  all  respects  to  the  requirements 

Secified  for  finishing  and  testing  the  surface  of'*  Top  Course  Bituminous 
acadam.  Mixing  Method — Type  i.*' 

52.3.  After  this  portion  of  the  work  shall  have  been  completed  to  the 
satisfaction  of  the  Engineer,  all  loose  stone  shall  be  swept  from  the  surface 
and  a  sealing  coat  of  one-half  gallon  of  bituminous  material  per  square 
yard  shall  be  ap^Ued  by  means  of  an  approved  pressure  distributor.  After 
this  it  shall  be  immediately  covered  with  approved  No.  i  broken  stone, 
spread  and  broomed  about  by  experienced  workmen,  and  again  rolled;  the 
rolling  shall  be  continued  and  additional  No.  i  stone  shall  be  applied  untfl  a 
smooth,  uniform  surface  is  produced. 

52.4.  Before  being  opened  to  traffic  a  layer  of  No.  i  broken  stone  approxi- 
mately one-half  inch  uiick  shall  be  spread  loose  on  the  surface  for  wearing 
course. 

52.5.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 
of  cubic  yards  of  compacted  material  in  place  in  the  completed  couise. 
The  amount  to  be  estimated  shall  be  computed  by  multiplying  the  finished 
cross-section  of  the  top  course,  as  shown  upon  the  plans  or  ordered  by  the 
Bngineer,  by  the  length  of  the  top  course  measured  along  the  axis  of  the 
pavement. 

The  price  bid  shall  include  the  heating  and  placing  of  the  bittuninons 
material,  the  fumi^iing,  placing,  rolling  and  fining  m  the  broken  stone. 
and  all  labor,  materials,  and  incidental  expenses  necessary  to  complete  the 
topcourse.  ' 

This  item  shall  not  include  the  furnishing  and  delivery  of  the  bHominoos 

*  Too  much  rolling  is  injurious  while  the  oil  is  hot;  better  results  are 
obtained  by  waiting  till  the  next  day  to  compact;  the  course  should  be  rolled 
early  in  the  morning  for  10  days  and  graduaUy  hardened  down. 
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material;  such  furnishing  and  delivering  will  be  paid  for  under  the  item 
covering  such  material. 

No.  X*  broken  stone  or  gravel,  chips  or  screenings  remaining  loose  on 
the  surface  after  the  work  is  completed  shall  not  be  estimated  as  a  part  of 
the  depth  of  the  top  course,  but  payment  for  these  shall  be  included^n  the 
price  bid  for  item  52. 

Item  53 — Top  Course — Bituminous  Macadam-rMixinc  Method.    Type  x 

S3.i«  Under  this  item  the  Contractor  shall  construct  a  top  course  of 
broken  stone  mixed  with  a  bituminous  material,  upon  a  previously  con- 
structed bottom  course  of  concrete,  broken  stone,  quarry  or  field  stone, 
or  gravel.  The  surface  laid  shall  be  in  conformity  with  the  lines  and  grades 
shown  ui)on  the  plans  or  ordered  by  the  Engineer.  A  smooth  finished 
surface  will  be  insisted  on  free  from  irregularities  and  waviness.  The  entire 
top  course  shall  consist  of  a  wearing  course  finished  over  with  a  flush  or 
sealing  coat. 

^53.2.  The  broken  stone  used  in  this  course  shall  be  of  approved  material. 
When  the  top  course  is  to  be  2  inches  or  less  in  thickness  in  the  completed 
work,  the  stone  shall  be  of  No.  2  size.  When  the  top  course  is  to  be  over 
2  inches  in  thickness  in  the  completed  work,  No.  2  and  No.  3  stone  shall  be 
used,  proportioned  as  directed  by  the  Engineer.  The  sealing  coat  therefor 
shall  be  of  stone  of  No.  i  size.  (For  stone  sizes  corresponding  to  these 
numbers,  see  page  720.) 

53.3.  Gravel  of  approved  quality  and  corresponding  to  the  same  sizes 
as  broken  stone  may  be  used  in  the  top  course.  If  used,  it  shall  conform 
to  the  general  requirements  for  broken  stone  and  gravel  for  water-bound 
and  bituminous  macadam  work. 

53.4.  The  broken  stone  for  the  wearing  course  shall  be  Iftated,  before 
entering  the  mixer,  to  between  225  degrees  Fahrenheit  and  300  degrees 
Fahrenheit  in  revolving  dryers  of  an  approved  type.  The  stone  shall  be 
continuously  agitated  during  the  heating. 

53.5*  The  bituminous  material  to  be  used  in  this  course  shall  conform 
with  the  specifications  for  "Bituminous  Material  A  for  Mixing  Method 
—Type  I." 

53.6.  The  bituminous  material  shall  be  heated  in  kettles  so  designed 
as  to  admit  of  even  heating  of  the  entire  mass,  with  an  efficient  and  positive 
control  of  the  heat  at  all  times.  Bituminous  material  "A"  shall  be  heated 
as  directed  to  a  temperature  between  275  degrees  Fahrenheit  and  350  degrees 
Fahrenheit:  all  material  heated  beyond  350  degrees  Fahrenheit,  either 
bdTore  or  during  mixing  with  the  broken  stone,  shall  be  rejected.  Bitumi- 
nous material  "T**  shall  be  heated  as  directed  to  a  temperature  between  200 
degrees  Fahrenheit  and  275  degrees  Fahrenheit;  all  oituminous  material 
•"r"  heated  beyond  275  degrees  Fahrenheit  either  before  or  during  mixing 
with  the  broken  stone,  shall  be  rejected.  No  tar  shall  be  heated  in  kettles 
containing  any  asphalt  cement,  and  no  asphalt  cement  shall  be  heated  in 
kettles  containing  any  tar;  before  changing  from  one  type  of  material  to 
the  other,  kettles  shall  be  scrupulously  cleaned  in  order  to  avoid  mixtures 
t>f  the  two;  any  such  mixtures  shall  be  rejected. 

53.7.  When  thoroughly  heated  to  the  proper  temperatures,  the  bituminous 
material  and  the  broken  stone  for  the  wearing  course  shall  be  mixed  as 
directed  from  time  to  time,  using  approximately  18  gallons  of  bituminous 
material  per  cubic  yard  of  loose  stone.  (The  amount  of  bitumen  in  the 
completed  work  sh^  be  from  s  to  7M  per  centum  of  the  total  weight  of  the 
completed  course.)  The  Contractor  shall  provide  approved  means  for 
accurately  proportioning  the  mixture.  Excess  of  bituminous  material 
shall  be  prevented;  and  any  such  excess  shall  be  cause  for  rejection  of  the 
course  unless  satisfactorily  corrected  previous  to  laying.  The  mixer  used 
shall  be  of  satisfactory  design,  having  revolving  blades^  and  efficient 
means  for  keeping  the  temperature  at  the  desirea  point  without  burning 
the  liquid.  TTie  mixing  shall  continue  until  every  particle  of  the  broken 
stone  is  thoroughly  coated  with  the  bituminous  material  and  a  uniform 
mixture  has  -been  obtained,  which  when  discharged  shall  have  a  temperature 
between  200  degrees  and  300  degrees  Fahrenheit  for  bituminous  material 
**A*'  and  between  200  degrees  and  250  degrees  Fahrenheit  for  bituminous 
material  "T." 

The  use  of  batteries  of  smalT  batch  mixers  will  not  be  allowed* 
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S3'8.  The  bittuniiiotis  mizttire,  heated  and  pnpstnd  tm  9p&ciBed  abov^ 
shall  be  delivered  from  the  mixer  to  the  point  of  dqweition  in  the  patv^ 
ment.  if  at  a  considerable  distance,  in  suitable  trucks  or  wagons,  ngofidal 
with  canvas  covers  for  retaining  the  heat.  To  prevent  undue  oompactnv 
on  long  hauls,  partitions  may  oe  required  for  lam  truck  loads.  As  ddr- 
ered,  the  mixture  shall  have  a  temperature  of  at  least  150  degrees  Pahfcn- 
hett.  Material  having  a  lower  temperature  than  this  shall  not  be  laid  m 
the  pavement.  The  mixture  shall  be  immediatdy  spread  over  the  fonnds- 
tion  course  bjr  men  experienced  in  such  work,  so  that  when  n^ed  it  «h«ll 
have  the  required  thickness  and  shall  be  free  from  surface  depressions  sod 
irregularities.  ,  The  paving  shall  be  done  as  oontinnously  as  practicable,  to 
reduce  to  a  minimum  the  number  of  joints  between  hot  and  cold  materials. 
Such  joints  shall  be  constructed  in  an  approved  manner.  The  hot  naviiH 
mixture  shall  not  be  dumped  in  large  masses  on  the  bottom  course.  It  sluS 
be  dumped  upon  platforms  and  shoveled  with  hot  shovds  into  poahion  in 
the  pavement. 

53-9.  The  wearing  course,  placed  as  above  specified,  shall  be  rolled  at 
once,  while  the  material  is  still  warm  and  pliable,  bemnning  at  the  edges  and 
working  toward  the  center.  Acceptable  means  shaU  be  provided  to  prevent 
the  asphalt  from  sticldng  to  the  roller.  Rolling  shall  continue  without 
interruption  until  all  roUer  marks  disappear  and  the  surface  shows  no 
further  compressibility.  Places  which  tne  roller  cannot  dSEectividy  readi 
shall  be  compressed  with  hot  iron  tamps. 

53.10.  As  soon  as  possible  after  the  compactiiw  of  the  wearing  course. 
when  the  surface  is  clean  and  dry.  a  wealing  coat  oxhot  bituminous  material 
"A"  shall  be  evenly  spread  over  the  wearing  course  by  means  of  approved 
pressure  distributors.  The  bituminous  material  *'A"  shall  be  appiM  at  t 
temperature  not  less  than  275  degrees  Fahrenheit  nor  more  than  3C0  degrees 
Fahrenheit,  at  a  rate  of  H  to  ^  gallon  per  square  yard,  as  directed.  A  thin 
and  uniform  ^yer  of  dry,  clean  No.  i  st9ne  shall  be  immediately  spread 
over  the  bituminous  material "  A  "  by  machines  or  skilled  workmen.  — iffrjeirt 
to  more  than  take  up  all  the  excess  bituminous  material  "A.**  The  spread- 
ing of  the  No.  I  stone  shall  not  lag  more  than  30  feet  behind  the  placing  of 
the  asphalt  coating.  The  pavement  shall  then  be  again  thoroughly  rofled. 
The  surface  of  the  wearing  course  shall  be  kept  scrupulously  clean  untl 
the  sealing  coat  is  applied.  The  Contractor  shall  not  i>ennit  any  hawik^ 
over  the  surface  before  the  completion  of  the  sealing  coat. 

53.11.  Before  placing  the  sealing  coat,  the  pavement  shall  be  tested 
with  a  ten  foot  straight  edge  laid  parallel  with  the  center  line  of  the  pave- 
ment, and  any  depressions  exceeding  one-half  inch  shall  be  satisfactorily 
eliminated  or  the  pavement  relaid. 

53.12.  Rollers  used  for  the  bituminous  wearing  course  and  the  sealing 
coat  shall  be  well  balanced,  self-propelled  rollers,  of  satisfactory  desisn, 
weighing  between  eight  and  ten  tons.  They  shall  give  a  compression  under 
the  rear  roller  of  between  300  and  350  pounds  per  linear  inch  of  roll,  and 
shall  be  provided  with  an  ash  pan  which  shall  prevent  ashes  from  dropping 
upon  the  pavement.  .  .  .    ,    «  .         .     . 

53.13.  No  top  course  bituminous  material  shaU  be  mixed  or  i^aced  be- 
tween October  15  and  May  15  except  by  written  permission  of  the  Engineer. 
nor  when  the  air  temperature  in  the  shade  is  below  50  degrees  Fahrenheit, 
nor  when  the  foundation  is  damp  or  otherwise  unsatisfactory. 

53.14.  The  Contractor  shall  i>rovide  a  sufficient  number  of  accurate 
efficient  thermometers  for  determining  the  temperatures  of  the  bituminous 
material  and  the  broken  stone  at  all  stages  of  the  work. 

53.15.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 
of  square  yaros  of  compacted  material  in  place  in  the  completed  bonne. 
The  amount  to  be  estimated  shall  be  computed  by  multiplying  the  finished 
width  of  the  top  course  as  shown  upon  the  plans  or  ordered  by  the  Bngiaeer. 
by  the  length  <»  the  top  course  measured  along  the  axis  of  the  pavement. 

The  price  bid  shall  include  the  furnishing  (bituminous  material  excepted), 
the  heating,  placing,  rolling  and  compacting  of  all  materials,  together  with 
all  other  labor  and  incidental  expenses  necessary  to  latisfactorily  complete 
the  work. 

The  furnishing  of  the  bituminous  material  will  be  paid  for  under  the 
appropriate  item  therefor  as  shown  on  the  proposal  sheet. 
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Item  54'~-^Top  Cotme—Bitiuiiiiiotts  Macadam— Mixing  Method.     Type  a 

54. 1 «  Under  this  item  the  Contractor  will  be  required  to  construct  a 
top  course  consisting  of  a  compacted  mixture  of  broken  stone,  sand  and 
bituminous  material  "A"  laid  to  conform  to  the  required  grade  and  cross- 
section,  as  shown  on  the  plans  and  ordered  by  the  Engineer. 

54.3.  Broken  stone  for  this  course  shall  be  of  the  character  specified 
all  of  which  shall  pass  a  one-half-inch  screen  and  shall  be  so  graded  that 
when  combined  in  a  bituminous  mixture  containing  not  less  than  thirty 
(30)  i>er  centum  of  the  sand  specified  in  section  54.3  it  shall  produce  a 
bituminous  mixture  coming  within  the  limits  specified  in  section  54.8. 

54-3.  The  sand  shaU  be  clean,  hard  grained  and  sharp.  It  shall  all 
pass  a  ten  (10)  mesh  screen,  and  shall  contain  at  least  fifteen  (15)  per 
centum  of  material  retained  on  a  forty  (40)  mesh  screen  and  at.  least 
twenty  (20)  per  centum  of  material  that  will  pass  an  eighty  (80)  mesh 
screen  except  as  hereinafter  provided  for.  If  the  sand  does  not  contain 
the  required  amount  of  fine  material,  approved  stone  dust  may  be  added 
to  make  up  the  deficiency. 

^54.4.  The  bituminous  material  to  be  used  in  this  course  shall  conform 
with  the  8i>ecification8  for  bituminous  material  *'A"  for  Type  2. 

54.5.  The  broken  stone  and  sand  shall  be  heated  as  directed,  before 
entering  the  mixer,  to  between  325  degrees  Fahrenheit  and  325  degrees 
Fahrenheit  in  revolving  dryers  of  an  approved  type.  The  broken  stone  and 
sand  shall  be  continuously  agitated  during  the  neating. 

54.6.  The  bituminous  material  shall  be  heated  in  kettles  so  desigrned 
as  to  produce  an  even  heating  of  the  entire  mass,  with  an  efficient  and 
positive  control  of  the  heat  at  all  times.  It  shall  be  heated  as  directed  to  a 
temperature  between  375  degn^ees  Fahrenheit  and  350  degrees  Fahrenheit. 
If  heated  beyond  350  degrees  Fahrenheit  either  before  or  during  the  mixing 
with  the  broken  stone  it  shall  be  rejected. 

54.7.  The  Contractor  shall  provide  a  sufficient  number  of  accurate. 
efficient,  stationary  thermometers  for  determining  the  temperature  of  the 
asphalt  cement  in  the  kettles. 

54.8.  When  thoroughlv  heated  to  the  temperature  directed,  the  bi- 
tuminous material  ana  tne  broken  stone  and  sand  shall  be  mixed  in  the 
following  proportions  by  weight: 

Bitumen .from    7  to  11  % 

Mineral  aggregate,  passing  300  mesh from    7  to  11% 

Mineral  aggregate,  passing    40  mesh from  45  to  55  % 

Mineral  aggregate,  passing    10  mesh from  16  to  25  % 

Mineral  aggregate,  passing      4  mesh from    8  to  15% 

Mineral  aggregate,  passing      2  mesh less  than  10  % 

the  sieves  being  used  in  the  order  named.  A  mixer  shall  be  used,  having 
revolving  blades,  and  so  desipn^ed  and  operated  as  to  produce  and  discharge 
a  thoroughly  coated  and  uniform  mixture  of  non-segregated  broken  stone. 
sand  ana  bituminous  material.  When  discharged  the  mixture  shall  have  a 
temperature  not  more  than  335  degrees  Fahrenheit  and  not  less  than  225 
d^n^ees  Fahrenheit  as  directed. 

54.9.  All  defective  areas  in  the  cement  concrete  foundation*  shall  be 
repaired  as  directed  at  least  ten  (10)  days  in  advance  of  laying  the  bituminous 
concrete.  B^ore  laying  the  bituminous  concrete  the  surface  of  the  founda- 
tion shall  be  dry  and  thoroughly  cleaned. 

54.10.  The  mixture  heated  and  i>repared  as  specified  in  section  54*8t 
shall  be  delivered  direct  from  the  mixer  to  the  point  of  deposition  on  the 
foundation  in  trucks  or  wagons,  provided  with  canvas  covers  for  retaining 
the  heat.  As  dd.ivered,  the  bituminotis  concrete  shall  have  a  temperature 
of  at  least  200  degrees  Fahrenheit:  material  having  a  lower  temperature 
than  this  shall  not  be  laid  upon  the  foundation.  Before  the  mixture  is 
placed,  all  contact  surfaces  of  curbs,  edgings,  manholes,  etc.,  shall  be  well 
paint<»d  with  hot  asphalt  cement.  The  hot  mixture  shall  be  dumped  upon 
platforms,  constructed  as  directed,  and  shoveled  with  hot  shovels  into 
position  on  the  foundation.  It  shall  be  immediatelv  spread  as  directed 
over  the  foundation  course  by  men  experienced  in  such  work,  so  that  when 
rolled  it  shall  have  at  no  place  less  than  the  required  thickness  and  shall  be 
free  from  surface  depressions  and  irregularities.    Joints  between  hot  and 
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cold  materials  shall  be  constructed  as  directed.  The  paving  shall  be  doM 
as  contintiously  as  inracticable,  to  reduce  to  a  minimum  the  number  of 
such  joints. 

54.11.  Rollers  used  on  the  bituminous  concrete  shall  be  well  balanced, 
seu-propelled.  tandem  rollers,  weighing^  between  seven  (7)  and  eight  (8) 
tons  each.  Each  shall  have  a  compression  under  the  rear  roller  of  between 
two  hundred  (300)  and  three  hundred  (300])  pounds  per  linear  inch  of  roll. 
and  shall  be  provided  with  an  ash  pan  which  shall  prevent  ashes  from  diopL 
ping  into  the  bituminous  concrete  or  sealing  coat. 

54.1a.  The  surface  of  the  top  course  shall  be  tested  with  a  ten  (10)  foot 
straight  edge  Udd  parallel  with  the  center  line  of  the  road  upon  any  portion 
of  the  surface,  and  any  depression  or  other  irregularity  exceeding  one-half 
(H)  inch  [)^"  is  a  better  limit]  shall  be  satisfactorily  eliminated  as  directed. 

54.13.  After  the  pavement  has  been  satisfactorily  finished  and  has  thor- 
oughly dried  out,  Portland  cement  shall  be  dusted  over  the  surface  m  a 
quantity  sufficient  to  form  a  complete  film  over  all  parts  of  the  pavement. 
This  film  shall  remain  undisturbed  by  rain  or  otherwise  until  it  has  set; 
in  case  of  disturbance  before  setting,  it  shall  be  renewed. 

54.14.  No  top  course  material  shall  be  mixed  or  placed  between  October 
15th  and  May  X5th,  except  by  written  permission  of  the  Engineer,  nor 
when  the  air  temperature  in  the  shade  is  below  50  degrees  Fahrenheit  nor 
when  the  foundation  is  damp  or  otherwise  unsatisfactory. 

54.15.  The  quantity  to  be  paid  ior  ninder  this  item  shall  be  the  number 
of  square  yards  of  compacted  material  in  place  in  the  completed  i>avMnent 
The  amount  to  be  estimated  shall  be  computed  by  multiplying  the  width  of 
top  course  as  shown  on  the  plans  or  ordered  by  tne  Engineer,  by  the  l«3gth 
of  the  top  course  measured  along  the  axis  of  the  road. 

The  price  bid  for  this  item  shall  include  the  furnishing  of  the  sand;  the 
furnishing,  crushing  and  screening  of  the  broken  stone:  the  heating,  mixing, 
placing  and  rolling  of  the  broken  stone,  sand  and  bituminous  material, 
and  the  cement  film  and  all  work  and  expense  incidental  to  the  completion 
of  the  work  except  the  furnishing  of  the  bituminous  material,  ^which  shall 
be  paid  for  under  the  item  Bituminous  Material  "A"  for  Mixing  Mbthod. 
Type  2. 

Item  5S — ^Bitulithic  Pavement 

55.1.  Under  this  item  the  Contractor  shall  furnish  the  necessary  stone, 
bituminous  material,  machinery,  labor  and  other  equipment,  and  shall 
construct  upon  a  properly  prepared  foundation  a  bituhthic  pavement  com- 
posed of  an  accurately  proportioned  aggregate  of  carefully  graded  brokea 
stone  properly  heated  and  mixed  with  separately  heated  Warren's  Puritan 
Brand  bitulithic  cement,  placed  and  rolled  and  covered  with  Warrcn*s 
quick  drying  bituminous  flush  coat  composition,  followed  by  two  coats  of 
hot  stone  chips^horoughly  rolled  into  the  surface. 

55.2.  The  several  grades  and  sizes  of  mineral  aggregate  shall  be  accurately 
measured  in  proportions  previously  determined  by  laboratory  tests  to  grw 
the  best  results;  that  is,  the  most  dense  mixture  of  mineral  aggregate  and 
one  having  inherent  stability:  heated  in  a  rotary  mechanical  heater  » 
designed  as  to  keep  each  batcn  by  itself  until  heated,  or  after  heating  the 
stone  in  a  rotary  mechanical  heater  to  a  temperature  of  about  250  degrees 
Fahrenheit,  it  shall  be  elevated  and  passed  through  a  rotary  screen,  bavint 
sections  with  various  sized  openings.  The  difference  in  the  width  of  open- 
ings in  successive  sections  snail  not  exceed  one-fourth  G^^  inch  in  sectioes 
having  openings  smaller  than  one-half  (H)  inch,  and  shaU  not  exceed  (H^ 
inch,  in  sections  having  openings  greater  than  one- half  (H>  inch.  Tbe 
several  sizes  of  stone  thus  separated  by  the  screen  sections  shall  pas 
into  a  bin  containing  sections  or  compartments  corresponding  to  screes 
sections.  From  these  compartments  the  stone  shall  be  drawn  into  a  wei^ 
ing-box,  resting  on  a  scale  having  seven  beams.     The  stone  from  these  000- 

Eartments  shall  be  accurately  weighed,  using  the  proportions  which  have 
een  previously  determined  by  laboratory  tests  to  give  the  best  results; 
that  is,  the  most  dense  mixture  of  mineral  aggregate,  and  one  having  inherent 
stability.  If  the  crushed  stone  in  the  wearing  course  does  not  provide  the 
best  proportions  of  fine-grained  particles,  such  deficiency  must  be  sop- 
plied  by  the  use  of  not  to  exceed  25  per  centum  hydraulic  cement,  pulverised 
stone,  or  very  fine  sand. 

55.3.  The  mineral  aggregate,  composed  of  differing  sizes  accurately  meas- 
ured or  weighed  as  above,  shall  pass  into  a  "twin  pug  "  or  other  approved 
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form  of  mixer.  In  this  miser  shall  be  added  a  sufficient  quantity  of  Warren's 
Puritan  Brand,  bituminous  water-proof  cement,  or  bitulithic  cement,  to 
thoroughly  coat  all  the  particles  of  stone  and  to  fill  all  voids  in  the  mixture. 
The  bituminous  cement  shall,  before  mixing  with  the  stone,  be  heated  to 
between  200  degrees  and  250  degrees  Fahrenheit,  and  the  amount  used  in 
each  batch  shall  be  accurately  weighed  and  used  in  such  proportions  as 
have  been  previously  determined  by  laboratory  tests  to  give  the  best  re- 
sults— that  is,  to  coat  all  particles  of  stone  and  fill  the  voids  in  the  mineral 
ag^gate.^  The  mixing  shall  be  continued  until  the  combination  is  a 
umform  bituminous  concrete.  In  this  condition  it  shall  be  hauled  to  the 
street,  and  there  spread  on  the  prepared  foundation  to  such  a  depth  that, 
after  thorough  compression  with  a  steam  road  roller,  it  shall  have  a  thickness 
of  two  (2)  inches.  The  proportioning  of  the  varying  sizes  of  stone  and 
bituminous  cement  shall  oe  such,  that  the  compressed  mixture  shall,  as 
closely  as  practicable,  have  the  density  of  solid  stone. 

55.4.  After  rolling  the  wearing  surface,  there  shall  be  spread  over  it, 
while  it  is  still  warm,  a  thin  coating  of  Warren's  Quick  Drjring  Bituminous 
Plush  Coat  Composition,  by  means  of  a  suitable  flush  coat  spreading  machine, 
so  designed  as  to  spread  quickly  over  the  surface  a  uniform  thickness  of 
flush  coat  composition.  This  spreading  machine  shall  be  provided  with  a 
flexible  spreading  band  and  an  adjustable  device  for  regulating,  to  any 
desired  amount,  the  quantity  and  uniformity  of  flush  coat  composition 
to  be  spread. 

There  shall  be  spread  over  the  flush  coat  composition,  in  at  least  two 
coats,  fine  particles  of  hot  crushed  stone,  in  sufficient  quantity  to  com- 
pletely cover  the  surface  of  the  pavement.  These  stone  chips  shall  be 
spread  by  means  of  a  suitable  stone  spreading  machine,  so  desired  as  to 
provide  a  storage  receptacle  of  at  least  five  (s)  cubic  feet  capacity  and  to 
rapidly  and  uniformly  cover  the  surface  of  the  pavement  with  the  desired 
quantity  of  stone.  This  spreading  machine  snail  be  provided  with  an 
adjustable  attachment  for  regulating  uniformly  the  quantity  of  stone  spread 
at  each  operation.  The  hot  stone  cmps  shall  be  immediately  and  thoroughly 
rolled  into  the  surface  until  it  has  become  cool.  The  purposes  of  the  flush 
coat  composition  and  the  fine  particles  of  hot  crushed  stone  are  to  not 
only  fin  any  unevenness  in  the  surface,  but  also  to  make  the  surface  water- 
proof and  gritty,  thus  providing  a  good  foothold  for  horses.  ^ 

On  grades  a  mineral  flush  coat  may  be  used  in  place  of  the  liquid  flush  coat. 

55.5.  Warren  Bros.,  owners  of  the  patents  used  in  the  construction  of 
Bitulithic  pavement,  have  filed  with  the  State  Commission  of  Highways  a 
properly  executed  binding  agreement  to  furnish  any  contractor  to  bid  for 
the  work  all  the  necessary  surface  material  mixed  and  ready  for  use,  and 
bituminous  flush  coating  cement  necessary  for  coating  the  wearing  surface, 
delivered  on  wagons  of  the  Contractor  at  the  mixing  plaiit  (which  will  be 
located  within  three  miles  of  the  point  of  use)  at  a  stipulated  price  per 
square  yard  for  each  contract.  Such  price  for  Bitulithic  pavement  mixture 
and  flu^  coating  composition  will  include  a  license^  to  use  all  the  patents 
required  in  the  construction  of  the  pavement  as  herein  specified. 

The  filing  of  a  bid  under  these  specifications  will  be  construed  as  an 
acceptance  of  the  terms  of  the  license  agreement  filed  by  the  Warren  Bros. 
Company,  at  the  price  fixed  in  said  agreement,  which  is  on  file  with  the 
secretary  of  the  Commission.  ,    ,  .  - 

55.6.  The  quantity  of  pavement  to  be  paid  for  under  this  item  shall  be 
the  number  of  square  yards  of  Bitulithic  pavement  placed  in  accordance 
with  the  plans,  or  as  directed  by  the  Enjjineer.  The  bid  price  shall  include 
the  furnishing  and  placing  of  all  materials,  the  mixing,  spreading,  rolling 
and  all  labor  and  incidental  expenses  necessary  to  complete  the  work.  • 

GENERAL  SPECIFICATIONS  FOR  AMIESITE  PAVEMENT 

Foundation. — The  excavation,  filling  or  embankment,  drainage  and 
rolling  of  the  sub-base  shall  be  in  full  accordance  with  the  standard  speci- 
fications for  street  or  highway  paving  before  placing  the  foundation,  the 
depth  and  nature  of  which  is  governed  by  existing  conditions  of  the  sub-grade. 

The  foundation,  whether  in  re-surfacing  or  new  work,  shall  be,  before 
appl3ring  the  Amiesite,  even  and  compact  and  swept  clean  of  all  loose  dirt 
and  foreign  material.  New  stone,  if  put  on,  shall  be  thoroughly  bonded 
with  screenings,  sprinkled  and  rolled  hard  and  uniformly.  The  foundation 
must  be  uniform  and  be  brought  up  to  a  true  and  even  grade,  parallel  to 
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and  —  i&ches  below  the  elevation  of  the  finished  surface  of  the  street 
or  road. 

Application. — The  bottom  course  shall  be  spread  in  a  uniform  layer, 
using  blocks  or  strips  to  insure  an  even  distribution,  then  rolled.  (Size) 
Stone  used  in  Amiesite  Bottom  Course-Graded — %"  to  iW .  If  any 
depressions  appear,  due  to  foundation  not  being  firm  or  any  other 
reason,  they  must  be  filled  with  Amiesite  and  rolled  until  surface  is  even  and 
to  grade  desired. 

After  the  preliminarv  rolling,  the  Amiesite  top  course,  made  of  stone 
graded  from  H"  to  H  in  size,  shall  be  applied,  not  less  than  one  inch 
(i")  deep,  loose  measurement,  and  raked  to  an  even  depth  so  as  to 
cover  the  underlying  Amiesite  and  fill  the  voids.  In  no  case  shall  the  bottom 
course  be  spread  over  300'  in  advance  of  the  top  course,  nor  shall  over 
so'  be  left  uncovered  during  the  night. 

The  compressed  depth  of  finished  Amiesite  surface  shall  be:  Preferably 
not  less  than  aH  inches. 

Rolling. — After  the  top  course  has  been  evenly  spread  to  a  true  grade, 
the  surface  shall  be  rolled  with  a  standard  ten  ton  road  roller  until  the 
material  is  thoroughly  compacted  and  ceases  to  creep  in  front  of  the  roller. 
In  rolling  the  roller  must  start  from  the  sidelines  of  the  street  or  road  and 
work  towards  the  center.  Care  must  be  taken  that  the  shoulders  are  firm 
and  solid,  as  otherwise  the  surface  will  iron  out  to  a  feather  edge  and  crack. 
No  rolling  shall  be  done  unless  the  Amiesite  is  free  from  water. 

Surface  Finish.-^After  rolling  as  called  for  above,  cleaxi,  sharp  sand 
or  stone  dust  (Limestone  where  obtainable)  shall  be  spread  in  a  thin  layer 
and  the  road  may  then  be  immediately  thrown  open  to  trafiic. 

General. — No  Amiesite  shall  be  spread  when  the  road-bed  contains 
depressions  holding  water.  The  Amiesite  must  at  all  times  be  kept  dean. 
Dirt  or  other  foreign  material  must  not  be  allowed  to  mix  with,  under,  or 
on  the  Amiesite  while  being  unloaded  from  cars,  spread  and  rolled. 

Should  the  tx>ttom  course  become  coated  or  partly  coated  with  dust  or 
dirt  before  the  top  course  can  be  applied,  the  part  thus  coated  must  be 
swept  and  then  given  a  light  application  of  bituminous  cement,  that  can  be 
applied  in  a  thin  coating  from  a  sprinkling:  pot  so  constructed  that  a  thin 
and  uniform  application  can  easily  be  applied. 

The  Amiesite  mav  be  steamed  to  facilitate  its  unloading  from  the  cars. 
Steam  pressure  shall  not  exceed  fifteen  pounds  to  the  square  inch.  The 
Amiesite  should  not  be  steamed  more  than  fifteen  minutes  in  any  one  place. 
This  shall  be  done  under  the  supervision  of  the  inspector  in  charge. 

The  Amiesite  shall  be  unloaded  from  wagons  upon  iron  sheets  or  boards,  so 
as  to  insure  the  material  being  kept  clean  and  being  spread  uniformly. 

Cross  rolling  shall  be  done,  when  ordered,  to  equalize  the  bond  and 
prevent  waves  in  the  surface.  Care  must  be  taken  that  the  bottom  course 
IS  not  rolled  down  hard  before  the  top  course  is  applied. 

The  finished  surface  of  the  Amiesite  after  rolling  shall  be  kept  H" 
higher  than  any  permanent  elevation,  depending  upon  the  trafiSc  to  ulti- 
mately compress  or  pound  it  down  to  graoe. 

(trading  slopes  or  shoulders  shall  not  be  carried  on  after  the  Amiesite 
course  is  started  until  completion  of  roadwajr. 

The  street  or  road  shall  be  closed  to  traffic  when  the  Amiesite  surface  is 
being  applied. 

Item  5^— Hassam  Compressed  Concrete  PaTement 

56.  z.  Under  this  item  the  Contractor  shall  furnish  all  materials  for  and 
place  upon  a  properly  prepared  sub-grade  or  sub-bottom  course  Hassam 
Compressed  (x»ncrete  Pavement  of  the  thickness  shown  upon  the  plans 
or  ordered  by  the  Engineer! 

56.2.  Hassam  Compressed  0>ncrete  Pavement  will  be  placed  on  the 
sub-grade  or  on  the  sub-bottom  course  and  shall  not  be  placed  until  these 
are  in  first-class  condition  as  required  for  macadam  pavement. 

56.3.  Hassam  Compressed  Concrete  Pavement  shall  consist  of  a  graded 
No.  3  and  No.  4  stone  (for  the  meaning  of  these  numbers  see  pajge  720),  of 
an  approved  quality,  spread  evenly  and  gauged  by  the  use  of  cubical  blodes; 
after  rolling  and  thoroughly  compacting  with  a  lo-ton  roller,  it  shall  have 
the  required  depth  and  shall  conform  to  the  established  lines,  grades  and  cross- 
sections.  Where  any  depressions  or  irregularities  develop  in  rolling  the 
surface  shall  be  forked  over  and  material  added  or  taken  away  to  the  end 
that  a  smooth  surface  shall  be  provided  after  re-rolling. 

56.4.  After  the  rolling  has  been  satisfactorily  completed  and  the  surface 
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of  the  broken  stone  has  been  brought  to  the  required  uniform  surface,  and 
before  there  is  any  displacement  of  the  stone,  the  voids  shall  be  filled  with  a 
grout  consisting  of  one  part  Portland  cement  and  two  parts  of  approved 
sand.  The  sand  shall  be  of  such  sizes  that  it  will  not  separate  readily  from 
the  cement,  when  placing  the  grout,  and  any  batch  of  grout,  when  being 
placed,  shall  at  all  times  be  of  a  uniform  product  and  of  such  consistency 
that  it  will  flow  readily  but  shall  not  be  so  wet  as  to  cause  a  separation  of 
the  cement  and  sand.  The  rolling  shall  be  continued  during  the  process  of 
grouting  and  until  all  the  voids  are  filled. 

56.5.  The  grout  shall  be  mixed  in  a  Hassam  Grout  Mixer  or  other  me- 
chanical mixer  which  will  properly  mix  the  ingredients  and  from  which 
they  can  be  deposited  without  a  sejparation  of  the  cement  and  sand. 

56.6.  Immediately  after  the  voids  shall  have  been  filled  with  grout, 
a  thin  layer  of  No.  i  broken  stone  or  fine  aggregate  shall  be  spread  over 
the  entire  surface  and  rolled  until  the  grout  flushes  to  the  surface. 

56.7.  After  placing  the  surface  stone  the  surface  shall  not  be  worked 
upon  or  disturbed  for  a  period  of  ten  days,  during  whidi  time  the  surface 
shall  'be  kept  thoroughlv  wet. 

56.8.  Any  cracks  either  longitudinal  or  transverse  which  develop  before 
the  acceptance  of  the  work  shall.be  thoroughly  cleaned  out  and  filled  with 
acceptable  bituminous  material.  ~ 

56.9*  The  quantity  to  be  paid  for,  under  this  item,  shall  be  the  number 
of  cubic  3rards  of  Hassam  Compressed  Concrete  Pavement  incorporated  in 
the  work  in  accordance  with  the  plans  or  as  directed  by  the  Engineer. 

The  price  bid  shall  include  the  furnishing  and  placing  of  all  materials, 
all  grouting,  rolling,  forms  and  all  labor,  appliances,  royalties  and  incidental 
expenses  necessary  to  complete  the  work.  The  amount  to  be  estimated 
shall  be  computed  by  multiplving  the  cross-section  of  concrete  pavement  as 
shown  upon  the  plans  or  orclered  by  the  Engineer,  by  the  total  length  of 
pavement  measured  along  the  axis  of  the  pavement. 

Item  57 — Cement  Concrete  Pavement 

57.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  a 
properly  prepared  sub-grade  or  sub-bottqm  course,  concrete  pavement  of  the 
thickness  shown  upon  the  plans  or  ordered  by  the  Engineer. 

57.2.  Concrete  pavement  will  be  placed  on  the  sub-grade  or  on  the 
sub-bottom  course,  and  shall  not  be  placed  tmtil  these  are  in  first-class 
condition,  as  required  for  macadam  pavement. 

57>3<  Concrete  shall  consist  of  a  mixture  of  Portland  cement.  No.  i 
sand,  and  broken  stone  or  gravel.  All  these  materials  shall  conform  in  all 
respects  to  the  requirements  given  under  "Materials  of  Construction," 
and  all  the  specifications  relating  to  first-class  concrete  shall  applv  to  work 
done  under  this  item,  in  so  far  as  same  are  not  inconsistent  with  the  special 
specifications  given  below. 

57.4.  The  concrete  shall  be  mixed  in  the  proportions  of  one  volume 
of  cement  to  four  and  one-half  volumes  of  sand  and  broken  stone  or  gravel. 
The  volumes  of  sand  and  broken  stone  or  gravel,  shall  be  measured  separately 
in  approved  hoppers.  The  relative  proportions  of  fine  and  coarse  aggregate 
will  be  varied  slightly,  as  a  result  of  tests  for  voids  by  the  Engineer,  to  the 
end  that  resulting  concrete  shall  be  as  dense  as  possible.  The  concrete 
shall  in  all  cases  approximate  at  i :  iH  :  3  mix. 

57.5.  The  coarse  aggregate  shall  consist  of  a  well-mixed  product  of 
No.  2  and  No.  3  stone  or  No.  i  and  No.  2  gravel.  Gravel  shall  not  be  used 
except  when  it  has  been  submitted  by  the  Division  Engineer  to  the  Bureau 
of  Tests,  has  been  approved  by  the  Bureau  of  Tests,  and  its  use  has  been 
approved  by  the  First  Deputy  Commissioner  in  writing — and  then  only 
under  the  restrictions  laid  down  under  "Materials  of  Construction."  The 
fine  aggregate  shall  consist  of  No.  i  sand. 

5%  6,  The  concrete^  shall  be  mixed  in  approved  mechanical  batch  mixers. 
Mixing  shall  be  continued  through  at  least  12  revolutions  and  until  every 
particle  is  coated  with  mortar  and  until  the  batch  is  of  uniform  color  and 
consistency.  After  the  materials  are  once  wetted  the  work  shall  proceed 
rapidly  until  the  concrete  is  in  place.  The  quantity  of  water  used  diall 
be  as  directed  by  the  Engineer  and  suitable  measuring  tanks  shall  be  pro- 
vided by  the  Contractor  so  that  the  same  amount  of  water  may  be  used  in 
the  separate  batches.  No  concrete  pavement  shall  be  laid  when  the  tem- 
perature falls  below  35^  P* 
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57.7.  Substantial  forms  shall  be  placed  along  the  edge  of  the  concrete 
pavement  and  shall  be  set  and  held  true  to  line  and  grade. 

57*8.  Before  any  concrete  is  placed,  the  sub-grade  shall  be  sprinkled 
sufficiently  to  dampen  it  but  a  muddy  condition  shall  not  be  allowol. 
As  soon  as  possible  after  mixing,  the  concrete  shall  be  deposited  in  place 
and  thoroughly  spaded  and  screeded  so  as  to  bring  the  mortar  flush  to  the 
surface.  Especial  care  shall  be  taken  to  keep  ^e  concrete  uniform  and  to 
prevent  pockets  of  stone  or  mortar. 

57.9 •  Heavy  screeds  cut  to  the  lines  required  for  the  finished  surface 
ana  resting  upon  the  side  forms  shall  be  used  for  consolidating  and  screcMling 
the  concrete,  and  the  surface,  when  completed,  shall  conform  to  the  lines 
and  grades  diown  upon  the  plans,  and  shall  be  free  from  depressions  or 
irregularities.  No  stone  shall  proiect  above  the  general  surface.  All 
shaping  and  screeding  shall  be  done  before  the  concrete  has  taken  its  initial 
set.  Any  concrete  which  has  not  been  shaped  and  finished  previous  to  the 
time  of  initial  set,  shall  be  removed  for  the  fuU  depth  of  the  roadway  and 
replaced  with  satisfactory  concrete. 

57.10.  If  a  satisfactory  finish  can  not  be  obtained  with  the  screed,  the 
screeding  shall  be  immediately  followed,  and  before  the  cement  has  taken 
its  initi^  set,  by  rubbing  down  with  a  wooden  float.  The  men  employed 
for  this  work  shall  be  competent  and  experienced  and  shall  work  irom  a 
platform  which  rests  on  the  forms  or  shoulders.  The  surface,  when  finished. 
shall  be  such  that  no  water  will  stand  on  the  finished  pavement.  It  shall 
then  be  slightly  roughened  by  brooming. 

57.11.  As  soon  as  the  concrete  has  taken  its  initial  set  the  surface  shall 
be  covered  with  a  one-inch  layer  of  sand  or  other  suitable  material  of  which 
the  shoulders  are  to  be  constructed  and  this  shall  be  thoroughly  sprinUed 
every  morning  cmd  night,  and  more  often  if  necessary,  so,  that  it  will  be 
kept  moist  for  a  period  of  ten  days  after  placing;  the  material  shall  then  be 
cleaned  from  the  surface  and  the  road  may  be  opened  to  traffic  if  so  directed 
by  the  Engineer. 

57.12.  The  concrete  shall  be  deposited  in  sections  30  feet  in  length, 
and  at  the  end  of  each  section  expansion  joints  of  the  type  shown  on  the 
plans  shall  be  placed.  After  starting  any  section,  an  e£fort  shall  be  made 
to  complete  it  at  one  operation.  If  for  any  reason  this  can  not  be  done,  a 
vertical  joint  shall  be  made  when  the  work  is  stopped  and  the  work  com- 
pleted up  to  this  joint. 

57.13.  Any  cracks,  either  longitudinal  or  transverse,  which  develop 
before  the  acceptance  of  the  work,  shall  be  thoroughly  cleaned  out  and 
filled  with  acceptable  bituminous  material. 

57.14.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of 
cubic  yards  of  concrete  pavement  incorporated  in  the  work,  in  accordance 
with  the  plans  or  as  directed  by  the  Bn^neer. 

The  price  bid  shall  include  the  furnishing  and  placing  of  all  matoials; 
all  mixing,,  screeding,  finishing,  forms,  expansion  joints  and  all  labor,  appli- 
ances and  incidental  expenses  necessary  to  complete  the  work.  Tlie  amount 
to  be  estimated  shall  be  computed  by  multiplying  the  cross-section  of  con- 
crete pavement  as  shown  upon  the  plans  or  ordered  by  the  Engineer  by 
the  total  length  of  pavement  measured  along  the  axis  of  the  pavement. 

Item  58 — ^Lignin  or  Sulphite  Liquor 

58.1.  Under  this  item  the  Contractor  shall  furnish  and  apply  1ig«in 
or  sulphite  binder  at  the  rate  of  one-half  gallon  of  binder  (not  of  the  mixture) 
to  the  square  yard. 

58.3.  A  quart  sample,  from  each  carload  of  the  material  to  be  used,  shall 
be  submitted  to  the  Bureau  of  Tests  for  acceptance  before  it  may  be  used. 

This  material  shall  be  a  neutral  or  basic  liauor  secured  bv  the  extrac- 
tion of  lifi^nin  from  organic  matter.  It  shall  be  concentrated  by  evapora- 
tion at  a  temperature  not  exceeding  210  degrees  Fahrenheit  until  it  has  a 
specific  gravity  at  77  degrees  Fahrenheit  of  not  less  than  1.33.  When 
concentrated  to  a  constant  weight  at  312  degrees  Fahrenheit,  it  shall  have 
a  residue  of  not  less  than  45  per  cent.  It  shall  contain  not  more  than  9  per 
cent,  of  ash.     It  shall  be  99.5  oer  cent,  soluble  in  cold  water. 

58.3-  After  the  road  has  been  thoroughly  filled  and  brou|dit  to  a  paddle 
with  water,  the  application  of  lignin  or  sulphite  binder  shall  commence 
and  the  puddle  continued,  using  a  mixture  of  one  part  binder  to  not  leas 
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than  three  parts  water.  This  puddling  shall  continue  until  the  road  has 
received  a  treatment  for  its  full  width  of  one-quarter  gallon  of  the  lignin 
(not  of  the  mixture)  to  the  square  yard.  After  the  roadway  has  set,  but 
not  entirely  dried'  out,  the  balance  of  one-quarter  e^allon  of  the  lignin  to  the 
square  yard  shall  be  applied  to  80  per  eent.  of  the  width  of  roadway,  using  a 
nuxture  of  one  part  lignin  to  two  parts  water. 

58.4.  Lignin  or  sulphite  binder  shall  be  applied  to  the  roadway  by  means 
of  an  improved  Sprinkler  which  can  be  regulated  so  that  a  uniform  distri- 
bution is  obtained  and  so  that  not  over  one-half  of  the  required  amount  of 
binder  shall  be  spread  to  the  scjuaxe  yard  on  each  trip  of  the  sprinkler.  The 
sprinkler  wall  be  equipped  with  necessary  brooms  so  arranged  as  to  sweep 
forward  any  excess  material  that  does  not  immediately  penetrate  into  the 
surface. 

58.5.  The  quantity  of  material  to  be  paid  for  under  this  item  shall  be 
the  actual  number  of  gallons  of  li^in  binder,  measured  before  dilution, 
actually  applied  and  incorporated  m  the  work  to  the  satisfaction  of  the 
Engineer.  Binder  that  has  been  wasted  or  that  has  been  applied  not  in 
accordance  with  the  requirements  of  this  specification  or  the  orders  of  the 
Engineer,  shall  not  be  mcluded  in  this  item  for  payment.  The  price  bid 
shall  include  the  cost  of  furnishing  hauling,  applying  and  all  necessary 
appliances  and  expenses  incidental  thereto. 

Item  59 — Wood  Block  Pavement 

59.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  a 
properly  prepared  foundation  wood  block  of  the  quality  specified  where 
shown  upon  the  plans  or  ordered  by  the  Engineer. 

This  pavement  shall  be  placed  upon  tne  old  macadam,  old  concrete 
pavement,  new  concrete  foundation  or  on  other  foundation  as  shown  on 
the  plans  and  ordered  by  the  Engineer. 

59.2.  The  blocks  shall  be  from  6  to  9  inches  long  and  shall  average  S 
inches;  they  shaQ  be  3  inches  in  depth  and  from  3  to  4  inches  in  width; 
but  {Ui  blocks  in  one  piece  of  pavement  shall  be  of  uniform  width.  No 
variation  greater  than  He-inch  shall  be  allowed  in  the  depth. and  H-inch 
in  the  width  of  the  blocks. 

59.3.  Blocks  shall  be  made  from  Southern  yellow  ^une.  North  Carolina 
pine,  Norwav  pine,  black  gum  or  tamarack;  only  one  kind  of  wood,  however, 
shall  be  used  in  one  piece  of  pavement. 

Yellow  pine  block  shall  be  made  from  what  is  known  as  Southern  yellow 
pine,  well  manufactured,  full  size,  saw  butted,  all  square  edges,  and  shall 
be  free  from  the  following  defects: 

Unsound,  loose  and  hollow  knots,  worm  holes  and  knot  holes,  through 
shakes  and  round  shakes  that  show  on  the  surface.  In  yellow  pine  timber 
the  annular  rings  shall  average  not  less  than  six  to  the  inch  ana  shall  be  in 
no  case  less  than  four  to  the  inch,  measured  radially. 

Norway  pine,  gum.  North  Carolina  pine  and  tamarack  block  shall  be 
cut  from  timber  that  is  first-class  in  every  respect,  and  shall  be  of  the  same 
grade  as  that  defined  for  the  Southern  yellow  pine. 

59.4.  The  creosote  oil  with  which  the  blocks  shall  be  treated  shall  conform 
to  either  of  the  following  specifications,  designated  as  "A"  and  "B." 

The  preservative  to  be  used  under  this  specification  shall  be  a  product  of 
coal  gas,  water  gas  or  coke  oven  tar,  which  shall  be  free  from  all  adultera- 
tions and  contain  no  raw  or  unfiltered  tars,  petroleum  compounds,  or  tar 
products  obtained  from  processes  other  ih&n  those  stated. 
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The  specific  gravity  shall  not  be  less  than  one  and  eight-hundredths 
(1.08)  nor  more  than  one  and  fourteen  hundredths  (1.14)  at  a  temperature 
of  thirty-eight  (38)  degrees  centigrade. 

Not  more  than  three  and  one-half  (3H)  per  cent,  shall  be  insoluble  by 
continuous  hot  extraction  with  benzol  and  chloroform. 

On  distillation,  which  shall  be  made  exactly  as  described  in  Bulletin 
65  of  the  Railway  Engineering  and  Maintenance  of  Way  Association,  the 
distillate,  based  on  water  free  oil,  shall  not  exceed  one-half  (H)  of  one  (j) 
per  centum  at  one  hundred  and  fifty  (150)  degrees  centigrade,  and  shall  not  be 
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less  than  thirty  (30)  nor  more  than  forty  (40)  per  centum  at  three  hundred 
and  fifteen  (315)  degrees  centigrade. 

The  oil  shall  contain  not  more  than  three  (3)  per  centum  of  water. 

% 

Specification  *'B" 

It  shall  be  completely  liquid  at  thirty-eight  (38)  degrees  centigrade, 
and  shall  have  a  specific  gravity  at  that  temperature  of  not  less  than  one 
and  three  hundredths  (1.03)  nor  more  than  one  and  eight  hundredths  (1.08). 

It  shidl  contain  not  more  than  two  (2)  per  centum  of  matter  insoluble  by  hot 
extraction  with  benzol  and  chloroform. 

On  distillation,  which  shall  be  made  exactly  as  described  in  Bulletin 
No.  65  of  the  American  Railway  Engineering  and  Maintenance  of  Way 
Association,  the  distillate  based.on  water  free  oil  shall  be  within  the  following 
limits: 

At  210  degrees  centigrade,  not  more  than  5  per  centum. 

At  335  degrees  centigrade,  not  more  than  35  P«r  centum. 

At  31^  degrees  centigrade,  not  more  than  85  per  centum. 

The  oil  shall  yield  a  coke  residue  not  exceeding  three  (3)  per  centum. 

The  distillate,  between  210  degrees  centigrade  and  335  d^rees  centisrade, 
shall  yield  solids  on  cooling  to  15  degrees  centigrade.  The  preservative 
shall  contain  not  more  than  3  per  centum  of  water. 

59.5.  The  manufacturer  of  the  oil  shall  permit  full  and  complete  inspection 
and  sampling  at  the  factory  at  which  the  oil  is  produced,  of  all  materials 
either  crude  or  refined,  entering  into  the  manufacture  of  the  finished  product 
itself,  in  order  that  the  materials  used  can  be  determined  to  be  in  accordance 
with  the  foregoing  requirements.  He  shall  also  submit  satisfactory  proof 
of  the  origin  of  all  materials  entering  into  the  composition  of  the  finished 
product. 

Samples  of  the  preservative  taken  by  the  inspector  from  the  treating 
tank  during  the  progress  of  the  work  shall  at  no  time  show  an  accumula- 
tion of  more  than  2  per  centum  of  foreign  matter,  such  as  sawdust  or  dirt. 

59.6.  The  blocks  shall  be  treated  with  the  preservative  above  described, 
so  that  their  shall  contain  at  least  sixteen  pounds  of  the  same  i>er  cubic 
foot  of  timber. 

The  manufacturer  of  the  block  shall  equip  his  plant  with  all  necessary 
gauges,  appliances  and  facilities  to  enable  the  inspector  to  satisfy  himself 
that  the  requirements  of  the  specifications  are  fulfilled. 

59.7.  Upon  the  foundation  shall  be  spread  a  bed  of  cement  mortar  at 
no  place  less  than  one-half  inch  in  thickness,  composed  of  one  part  Portland 
cement  and  four  parts  sand  thoroughly  mixed  dry.  This  mortar  bed  shall 
be  struck  with  a  template  to  a  true  suxtace  exactly  parallel  to  the  top  of  the 
proposed  pavement  surface  and  three  inches  below  it.  ^  This  bed  shall  be 
sprinkled,  immediately  in  advance  of  the  block  laying,  with  hand  sprinklers. 

59.8.  On  the  mortar  surface  prepared  as  described,  the  blocks  shall  be 
laid  with  grain  vertical  and  at  such  angles  with  the  curb  as  the  Engineer  may 
direct.  The  blocks  shall  be  laid  in  straight  and  parallel  courses  and  set 
snugly  together  but  not  driven  together.  Each  course  of  blocks  shall  be 
of  uniform  width  and  depth,  with  end  joints  broken  by  a  lap  of  not  less  than 
two  and  one-half  inches.  Only  whole  blocks  shall  be  used  except  in  starting 
courses,  cutting  closures,  or  where  specially  permitted  by  the  JSngineer. 

Closures  shall  be  carefully  cut  and  trimmed  by  exi>erienced  men,  the 

Sortion  of  the  blocks  used  shall  be  free  from  defects  and  the  cut  end  shaU 
ave  a  surface  perpendicular  to  the  top  of  the  block  and  cut  at  a  proper 
angle  to  give  a  close  joint.  In  laying  block  the  pavers  must  stand  on  the 
block  previousljr  laid. 

After  the  laying  is  completed,  defective  blocks  shall  be  carefully  culled 
out,  low  blocks  raised,  the  courses  carefully  aligned  and  the  blocks  spaced 
up.  The  pavement  shall  then  be  rolled  by  a  steam  tandem  roller  weighing 
not  less  than  two  and  one-half  tons  nor  more  than  five  tons;  the  pavement 
being  at  the  same  time  lightly  sprinkled  and  the  rolling  continued  until  a 
uniform  surface  is  obtained.  Upon  the  completion  of  the  rollinji^  any 
defective  blocks  shall  be  removed  and  be  replaced  with  sound  blocks,  and 
displaced  blocks  shall  be  realigned.  The  joints  in  the  pavement  shall  then 
be  immediately  filled '  in  the  manner  hereinafter  described.  If  deemed 
advisable  by  the  Ensineer,  portions  of  pavement  laid  with  blocks  which  have 
become  "dried  out^'  shall  be  sprinkled  with  water  at  frequent  intervals 
before  joints  of  same  are  filled. 
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59.9.  After  rolling,  the  blocks  shall  be  flushed  with  an  approved  bituminous 
filler  heated  to  at  least  300  degrees  Fahrenheit,  which  shall  be  poured  over 
the  "whole  surface  and  well  forced  into  the  joints  by  rubber  squeegees. 
While  the  bituminous  filler  is  still  hot  it  shall  be  immediately  followed  with  a 
thin  coating  of  clean  dry  sand.^  Before  turning  traffic  onto  the  pavement  a 
coating  of  one-half  inch  in  thickness  of  dry  screened  sand  shall  be  spread 
over  the  entire  surface. 

ASPHALTIC  FILLER  (CITY  OF  UMA,  OHIO) 

After  rolling,  the  surface  of  the  pavement  shall  be  swept  dean  and  the 
joints  between  the  blocks  and  expansion  joints  shall  be  filled  with  an  asphaltic 
filler  which  shall  be  free  from  water,  coal-tar  pitch,  or  anv  product  of  coal 
or  water  gas  tar.  It  shall  adhere  firmly  to  the  blocks,  be  pliable,  at  all 
climatic  conditions  to  which  it  will  be  subjected,  and  conform  to  the  following 
requirements: 

It  shall  have  a  specific  gravity  of  not  less  than  nine  hundred  and  sixty-five 
thousandths  (0.965)  at  seventy-seven  (77)  degrees  Fahrenheit. 

It  shall  have  a  melting  point  of  not  less  than  one  hundred  and  ten  (no) 
and  not  more  than  one  hundred  and  sixty  (x6o)  degrees  Fahrenheit. 

It  shall  have  a  penetration  of  not  less  than  twenty  (20)  nor  more  than 
fifty  (so). 

The  bitumen  of  the  asphaltic  filler  shall  be  soluble  in  carbon  tetrachloride 
to  the  extent  of  at  least  ninety-eight  (98)  per  cent. 

The  asphaltic  filler  shall  be  heated  to  a  temperature  of  not  less  than  two 
hundred  and  eighty  (280)  degrees  nor  more  than  three  hundred  and  fifty 
(350)  degrees  Fahrenneit,  and  shall  be  applied  in  such  a  manner  that  all 
spaces  between  the  blocks  will  be  completely  filled,  the  temperature  of  heating 
to  be  varied  within  these  limits  according  to  the  nature  of  the  asphaltic 
filler  used  and  at  the  discretion  of  the  City  Engineer.  In  applying  the 
asphaltic  filler  care  must  be  taken  to  use  the  lea^t  amount  necessary  to 
properly  fill  the  joints  and  hold  the  top  dressing.  The  blocks  must  be  dry 
at  the  time  of  the  application  of  the  filler. 

PITCH  FILLER   (CITY  OF  LIMA,  OHIO) 

After  rolling,  the  surface  of  the  pavement  shall  be  cleaned  and  the  joints 
between  the  blocks  and  expansion  joints  shall  be  filled  with  a  "straight  run" 
paving  pitch  obtained  from  gas-house  tar.  No  pitch  from  coke-oven  tar 
shall  be  used.  It  shall  be  of  such  qualitv  and  consistency  as  will  be  approved 
by  the  City  Engineer.  The  pitch  shall  contain  not  less  than  twenty  (ao) 
per  cent,  nor  more  than  thirty  (30)  per  cent,  of  free  carbon,  and  shall  have  a 
melting  point  at  a  temperature  of  not  less  than  one  hundred  and  twenty  (120) 
degrees  and  not  more  than  one  hundred  and  thirty  (130)  degrees  Fahrenheit. 
The  pitch  must  be  used  at  a  temperature  of  not  less  than  three  hundred 
(300)  degrees  and  not  more  than  three  hundred  and  fifty  (350)  degrees 
Fahrenheit.  In  applying  the  pitch,  care  must  be  taken  to  use  the  least 
amount  necessary  to  properly  fill  the  joints  and  hold  the  top  dressing. 

SAND  FILLER  (CITY  OF  LIMA,  OHIO) 

After  rolling,  the  surface  of  the  pavement  shall  be  swept  clean  and  the 
joints,  except  as  hereinafter  provided,  between  the  blocks  shall  be  filled  with 
clean,  warm,  fine  sand,  which  shall  be  swept  into  the  joints  until  the  same 
are  completely  filled. 

The  expansion  joints  and  joints  between  the  blocks  in  a  space  of  two  (2) 
feet  in  width  adjacent  to  the  gutters,  a  space  of  four  (4)  feet  wide  in  the 
middle  of  the  roadway  and  around  all  covers  to  sub-suriace  improvements 
shall  be  filled  with  a  straight  run"  paving  pitch  obtained  from  gas-house 
tar.  No  pitch  from  coke-oven  tar  shall  be  used.  It  shall  be  of  such  quality 
and  consistency  as  will  be  approved  by  the  City  Engineer.  The  pitch  must 
be  used  at  a  temperature  of  not  less  than  three  hundred  (300)  degrees  and 
not  more  than  three  hundred  and  fifty  (3So)  degrees  Fahrenheit.  The  pitch 
shall  contain  not  less  than  twenty  (20)  per  cent,  nor  more  than  thirty  (30) 
per  cent,  of  free  carbon  and  shall  have  a  melting  point  at  a  temperature  of 
not  less  than  one  hundred  and  twenty  (x2o)  degrees  and  not  more  than  one 
hundred  and  thirty  (X30)  degrees  Fahrenheit. 
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ALTBRNATIVB 

For  the  purpose  of  automatic  expansion  and  theprevention  of  slipperyness. 
alternate  m6s  will  be  received  for  Creosote  Lug  Blocks,  or  their  equal. 

On  one  end  of  each  block  there  shall  be  one,  and  on  one  side  of  each  block 
there  shall  be  two  ribs  or  projections  extending  the  full  depth  of  the  block, 
and  such  ribs  or  projections  shall  be  an  integral  part  of  the  block. 

Such  ribs  or  projections  shall  be  of  the  size  and  shape  and  placed  in  such 
position  on  the  block  as  the  Engineer  may  determine. 

In  all  other  respects*  such  blocks  shall  conform  to  these  general  specifica- 
tions. Should  there  be  any  deviation  therefrom,  the  contractor  shall  sutnnit 
complete  specifications  of  the  kind  of  block  he  wishes  to  bid  on  and  the 
method  of  manufacturing  the  same. 

59.10.  The  q^uantity  to  be  paid  for  under  this  item  shall  be  the  number  of 
square  yards,  including  expansion  joints,  of  pavement  laid  in  accordance 
with  the  plans  and  as  directed  by  the  Bnjgfineer. 

The  price  bid  shall  include  the  furnishing  and  placing  of  the  mortar  bed. 
wood  block,  bituminous  filler  and  sand  surfacing  and  all  other  labor  and 
incidental  expenses  necessary  to  complete  the  work. 

Item  60 — ^Asphalt  Block  PaTement 

60.1.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  a 
properly  prepared  foundation  asphalt  block  of  the  quality  specified  where 
shown  upon  the  plans  or  ordered  by  the  Engineer.  This  pavement  shall  be 
placed  upon  the  old  macadam,  old  concrete  pavement,  new  concrete  founda- 
tion or  on  other  foundations  as  ordered  by  the  Engineer  and  shown  upon 
the  plans. 

60.2.  The  blocks  shall  be  five  inches  in  width,  by  twelve  inches  in  length, 
by  two  inches  in  depth,  and  a  variation  of  more  than  one-fourth  of  an  inch 
in  length  and  one-eighth  of  an  inch  in  width  or  depth  from  these  dimensions 
will  be  sufficient  ground  for  rejecting  any  block. 

60.3.  The  blocks  shall  consist  of  the  following  materials: 

Asphaltic  cement. 

Crushed  trap  rock  or  other  approved  crushed  rock. 

Inorganic  dust. 

The  rock  used  in  the  blocks  must  be  crushed  so  that  every  particle  will 
pass  a  screen  of  one-fourth  of  an  inch  mesh.  The  blocks  shall  receive  a 
compression  in  the  moulds  of  not  less  than  one  ton  per  cubic  inch  of  material 
in  the  blocks,  and  must  weigh  not  less  than  ten  and  one-half  pounds  per 
block.  The  blocks  shall  have  a  specific  gravity  of  not  less  than  2.40,  and 
after  having  been  dried  for  twent^four  hours  at  a  temperature  of  150 
degrees  Fahrenheit,  they  shall  not  absorb  more  than  i  per  centum  of  mois- 
ture when  immersed  in  water  for  seven  days.  Whatever  the  character  of 
the  asphalt  used,  the  block  shall  yield  not  less  thaii  6}4  P^f  centum  of 
bitumen,  when  extracted  with  carbon  bisulphide. 

The  inorganic  dust,  or  filler,  shall  be  produced  from  sound  limestone 
or  other  approved  material,  and  shall  be  powdered  to  such  a  fineness  that 
all  of  it  shall  pass  a  thirty  mesh  sieve  and  i\pt  less  than  50  per  centum  of  it 
dball  i>ass  a  200  mesh  sieve.  Sufficient  inorganic  dust  shall  be  used  to  give 
a  minimum  percentage  of  voids  in  the  block,  and  provide  a  sufficient  medmm 
for  absorbing  the  asphaltic  cement. 

60.4.  The  asphaltic  cement  shall  be  composed  of  natural  or  oil  asphalt, 
and  asphaltic  oil,  as  approved.  This  asphaltic  cement  shall  be  of  acceptable 
consistency  and  quality. 

The  material  snail  have  a  specific  gravity  of  at  least  0.98  at  77  degrees 
Fahrenheit.  Its  penetration  shall  be  not  more  than  ten  mm.  when  tested 
for  five  seconds  at  77  degrees  Fahrenheit,  with  a  No.  2  needle  weighted  with 
100  grams.  When  twenty  grams  are  heated  in  a  hot  air  oven  in  a  flat- 
bottom  dish  two  and  one-half  inches  in  diameter  at  325  degrees  Fahrenheit 
for  five  hours,  the  loss  in  weight  shall  not  be  more  than  eight  per  centum. 
It  shall  show  an  open  flash  point  not  less  than  325  degrees  Fahrenheit.  Its 
solubility  at  air  temperature  in  chemically  pure  carbon  disulphide  shall  be 
at  least  sixty-six  per  centum. 

60.5    Upon  the  foundation  shall  be  spread  a  bed  of  the  thickness  shown 

upon  the  plans,  composed  of  one  part  Portland  cement  and  four  parts  sand. 

thoroughly  mixed. 

■  This  mortar  bed  shall  be  struck  with  a  template  to  a  true  surface,  exactly 

parallel  to  the  top  of  the  proposed  pavement  surface  and  two  inches  below  it 
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This  bed  shall  be  sprinkled  immediately  in  advance  of  the  block  laying 
with  hand  sprinklers. 

The  blocks  shall  be  laid  while  the  mortar  is  fresh  and  before  it  has  taken 
its  initial  set.  All  depressions  and  other  irregularities  in  the  surface  shall 
be  corrected  by  the  Contractor  immediately. 

The  blocks  shall  be  laid  by  the  pavers  standing  upon  the  blocks  already 
laid  and  not  upon  the  bed  of  mortar. 

The  blocks  shall  be  laid  at  right  angles  with  the  line  of  the  street,  and 
in  such  a  manner  that  all  longitudinal  joints  shall  be  broken  by  a  lap  of 
at  least  four  inches.  The  blocks  shall  be  so  laid  as  to  make  the  lateral 
joints  as  tight  as  possible,  consistent  with  keeping  a  good  alignment  of 
the  courses  across  the  street.  When  thus  laid  the  blodcs  shall  be  imme- 
diately covered  with  clean,  fine  sand,  perfectly  dry,  and  screened  through  a 
one-eighth  inch  screen.  This  sand  shall  be  spread  over  the  surface  and 
swept  into  the  joints  and  be  allowed  to  remain  on  the  pavement  not  less 
than  thirty  days  or  for  such  time  as  the  action  of  the  traffic  on  the  street 
shall  have  thoroughly  ground  the  sand  into  all  the  joints. 

60.6.  The  materials  incorporated  into  blocks  shall  be  approved  by  the 
Cnf^neer,  and  samples  of  all  materials  shall  be  sent  to  the  Bureau  of  Tests 
and  they  shall  pass  the  tests  required  by  this  Bureau  for  these  materials. 

60.7.  The  method  of  work  and  materials  used  shall  at  all  times  be 
subject  tt>  the  inspection  and  supervision  of  the  Engineer  or  his  representa- 
tive upon  the  work. 

'  60.8.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number 
of  square  yards  of  asphalt  block  laid  in  accordance  with  the  plans,  or  as 
directed  by  the  Eni^neer.  The  price  bid  shall  include  the  furnishing  and 
placing  of  all  matenals,  mortar  bed,  and  all  labor  and  incidental  expenses 
necessary  to  complete  the  work.  Where  placed  upon  old  concrete  founda- 
tion to  receive  the  mortar  bed  will  be  paid  for  under  item  "Cleaning  Old 
Pavement •*  or  item  "Scarifying  and  Reshaping  Old  Macadam." 

Item  61 — ^Brick  Pavement  (Sand  Cushion  Type) 

6 1. 1.  Under  this  item  the  Contractor  shall  furnish  and  place  the  number 
of  square  yards  of  brick  pavement  required  in  accordance  with  the  plans  or 
as  ordered  by  the  Engineer.  The  item  will  include  the  furnishing  and  plac- 
ing of  all  the  block,  sand  cushion,  grout,  expansion  joints  and  all  material, 
labor  and  other  expenses  incidental  thereto  but  will  not  include  the  concrete 
foundation,  edging,  curbing,  manholes,  catch  basins,  etc.,  whidi  will  be 
paid  for  under  the  especially  designated  items  therefor. 

61.2.  All  bricks  or  blocks  used  must  be  vitrified  and  especially  burned 
for  street  paving  and  of  the  very  best  quality  as  regards  hardness,  dimensions, 
toughness,  straight  lines  and  non-absorption  of  water. 

61.3.  Tne  paving  bricks  shall  be  subjected  to  modulus  of  rupture  test 
and  to  abrasion  tests  conducted  by  the  Commission  in  the  manner  and  with 
rattlers  of  the  type  adopted  February  7*  191  if  by  the  National  Paving  Brick 
Manufacturers  Association.  One  sample  shall  be  tested  for.  every  two  hun- 
dred thousand  ^200,000)  bricks  and  less  than  this  when  conditions  warrant. 
An  average  loss  in  weight  in  a  rattler  test  exceeding  twenty-four  (24)  per 
centum,  or  an  average  absorption  of  three  and  one-half  (3^)  per  centum  of 
water  shall  cause  the  rejection  of  the  total  quantity  that  the  test  represents, 
provided,  however,  fthat  if  permitted  the  bricks  may  be  carefully  reculled. 
and  new  samples  taken  and  tested.  If  this  second  test  passes  the  require- 
ments, the  bricks  represented  by  it  may  be  used.  If  this  second  test  fails, 
no  further  test  shall  be  permitted  but  the  entire  lot  shall  be  rejected.  To 
ensure  the  furnishing  of  bricks  of  uniformly  acceptable  quality,  any  "brand" 
of  brick  shall  be  re:)ected  and  shall  not  be  further  considered  if  three  lots, 
each  of  ten  thousand  (10,000)  bricks  or  more,  offered  consecutively  for  ao» 
ceptance  tests,  fail  to  meet  the  requirements  for  this  section  without  reculling 
them. 

Modulus  of  Rttpture.-~When  tested  on  edge  as  laid  on  the  pavement,  the 
modulus  of  rupture  shall  be  not  less  than  two  thousand  (2000)  pounds  per 
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square  inch.    Computed  by  formula  R  n  3-r7iin  which  R  is  the  modulus 

of  rupture  in  pounds  per  square  inch,  L  the  length  between  supports  in 
inches  (^d  inches),  b  and  d  the  breadth  and  depth  in  inches,  and  W  the 
load  in  pounds,  which  produces  rupture. 

All  the  above  tests  will  be  made  by  the  Bureau  of  Tests  of  the  State 
Commsaon  of  Highways.     ^ 
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61.4.  On  grades  o£  5  per  centum  or  over  an  approved  special  form  of 
block  suitable  for  steep  grades  shall  be  used. 

61.5.  The  size  of  the  brick  shall  be  3H  indies  in  width  by  four  inchei 
in  depth  by  8H  inches  in  length,  and  shall  not  vary  from  these  dimensbos 
more  than  one-eighth  inch  in  width  or  depth  nor  more  than  one-half  indt 
in  length.  Bricks  of  a  given  brand  shall  not  vary  amon^  themselves  more 
than  H-inch  in  depth  nor  more  than  M-inch  in  width  nor  more  than  H-inch 
in  length  in  any  one  shipment.  If  the  edges  are  rounded  the  radius  shall 
not  be  greater  than  He  of  an  inch.  One  side  shall  contain  IttRs  of  sadi 
dimensions  that  transverse  joints  will  not  be  less  than  M^  of  an  inch  nor 
more  than  ^-inch  in  width.  Bach  end  shall  contain  a  semi-circular  groove 
of  >i  to  l^-inch  radius,  or  a  bulge  or  at  least  He  inch.  The  gTx>ove8  shall 
be  horizontal,  and  shall  match  perfectly  when  tne  bricks  are  laid  in  the  fin- 
ished pavement.  Bricks  in  any  course  shall  not  vary  in  width  by  more 
than  H  inch. 

SAND  CUSHION 

61.6.  Not  less  than  ten  davs  after  the  concrete  foundation  has  been 
completed,  there  shall  be  laid  a  bed  of  clean  Cushion  Sand  as  described 
undn*  "Materials  of  Construction,"  which  shall  be  one  and  one-half  inches 
thick  after  being  rolled  with  a  roller  weighing  150  pounds  per  foot  of  width. 
Before  being  rolled  this  bed  of  sand  shall  be  brought  to  the  proper  elevation 

^  and  crown  as  shown  on  plans  by  a  template  of  a  shape  and  size  satisfactory 
to  the  Engineer.  After  being  rolled  all  irregularities  of  the  surface  shall  be 
eliminated  and  the  sand  cushion  shall  be  brought  to  the  exact  form  and  sec- 
tion by  the  use  of  lutes  or  hand  templates. 

EXPANSION  JOINT 

61.7.  Longitudinal  expansion  joints  shall  be  placed  alongside  each  curb 
or  edging,  and  shall  be  one  of  the  following  types: 

Premolded  Type,  requiring 'no  heating  or  pourixug;  at  the  place  of  insertion. 
These  expansion  joints  shall  be  of  the  proper  thickness  and  width,  as  speci- 
fied, made  in  convenient  lengths  ready  for  use.  The  joints  shall  be  placed 
as  the  paving  progresses,  and  shaU  rest  directly  on  the  sand  cushion.  The 
expansion  joints  shall  be  composed  entirely  of  a  nigh  grade  asphalt,  and  shall 
pass  the  following  tests: 

Specific  ijravity .985  to  i .  002 

Melting  point 235°         to  a6s*  P. 

Loss  on  heating  for  5  hours  at  335^  F .0% 

Bitumen  soluble  in  carbon  disulphide 99  ■  5  %  to  99  •  9  % 

Bitumen  soluble  in  carbon  tetra-chloride 99-4%to  99-8% 

Bitumen  soluble  in  Be.  Naphtha ^to  % 

Penetration  at  32"  F as          to  35 

Penetration  at  77°  F 4©          to  50 

Penetration  at  us*  P 65         to  75 

Poured  Type. — This  t3rpe  shall  be  provided  for  by  placing  alongside  each 
curb  or  edging  wooden  strips  with  metal  wedge  shape  pieces  dropped  over 
the  top  of  the  boards  and  between  the  board  and  the  curb  every  three  feet 
apart  to  facilitate  the  removal  of  the  boards,  or,  by  using  two  planed  wedge- 
shaped  strips  so  cut  that  when  placed  together  m  reverse  positions  their 
total  section  shall  be  rectangular  and  of  a  thickness  and  depUi  equal  to  the 
thickness  and  depth  of  the  required  expansion  joint.  The  strip  lAaced  next 
to  the  curb  shall  be  set  with  the  wide  edge  up.  ^  These  expansion  joint  forms 
shall  be  set  next  to  the  curb  on  a  true  grade  with  all  end  joints  tight,  and 
be  pressed  into  sand  so  that  their  tops  shall  be  one-quarter  inch  below  the 
top  surface  of  the  pavement  blocks  before  rolling.  The  two  strips  oonipris> 
ing  the  joint  form  shall  break  joints. 

The  thickness  of  longitudinal  expansion  joints  shall  be  as  called  for  by  the 
plan. 

61.8.  On  the  sand  cushion  prepared  as  in  section  61.6  the  blocks  shall 
be  carefully  set  on  edge  with  the  best  edge  ui;>,  shall  be  laid  straight  at  and 
right  angles  to  the  edging  lipe.  except  at  road  intersections,  where  they  shall 
be  laid  at  such  angles  as  directed  by  the  Engineer.  All  block  shall  be  laid 
with  the  lugs  in  the  same  direction,  joints  shall  be  dose  and  at  right  angles 
to  the  tops  and  sides.  ^  Each  alternate  course  shall  be  commenced  with  a 
half  brick.  No  half  bricks  or  bats  shall  be  used  except  at  the  ends  of  courses. 
All  joints  shall  be  broken  with  a  lap  of  not  less  than  three  (3)  inches. 
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All  brick  shall  be  clean  when  placed  in  the  pavement.  Brick  which  in 
.he  opinion  of  the  Bn^^ineer  are  not  satisfactorily  clean,  shall  be  washed  before 
>eing  placed. 

In  no  case  shall  the  sand  cushion  in  front  of  the  pavement  be  disturbed 
»r  walked  on  during  the  laying  of  the  blocks. 

6 1. 9*  After  a  sufficient  number  of  blocks  have  been  laid,  all  soft,  broken 
>r  badly  misshapen  blocks  shall  be  marked  by  the  inspector  and  removed. 
^ny  blocks  slightly  spalled  or  kiln-marked  shall  be  turned  over,  .and  should 
he  opposite  face  be  acceptable,  it  may  be  replaced  in  the  pavement,  other- 
vise,  it  must  be  removed. 

In  laying  block  pavement,  the  inspector  shall  keep  the  blocks  culled,  and 
he  Contractor  shall  make  the  necessary  changes  and  replacements  so  that  the 
rork  shall  at  all  times  be  ready  for  grouting  within  300  feet  from  the  block- 
aying. 

GROUTING 

61.10.  After  all  objectionable  blocks  have  been  removed  from  the 
>avement  and  all  replacements  have  been  made,  the  pavement  shall  be 
w^ept  clean  and  thoroughly  rolled  with  a  self-propelled  tandem  roller  weigh- 
as  not  over  five  tons  and  not  less  than  three  tons.  Horse  rolling  shall  not 
>e  permitted.  This  rolling  shall  start  along  the  outside  edges  and  progress 
oward  the  center.  It  shall  then  be  reroUed  diagonally  both  ways  until  the 
urface  is  even.  After  final  rolling  the  pavement  shall  be  tested  with  a  ten- 
oot  straight  edge  laid  parallel  with  the  curb,  and  any  depression  exceeding 
me-quarter  inch  shall  be  corrected  and  brought  to  the  proper  grade.  All 
>locks  disturbed  in  making  replacements  or  correcting  depressions  shall 
>e  settled  into  place  by  ramming  or  by  rerolling.  Each  section  of  pavement 
mast  be  acceptable  to  the  Engineer  before  the  grouting  on  that  section  may 
>e  commenced. 

61. 1 1.  Grout  for  filling  the  joints  of  brick  or  block  pavements  shall  be 
omposed  of  one  part  Portland  cement  and  one  part  Grout  Sand. 

61.12.  The  box  for  mixing  this  grout  shall  be  about  four  feet  eight 
nches  long,  two  feet  six  inches  wide  and  one  foot  two  inches  deep,  supported 
»n  legs  of  different  lengths  in  order  that  the  mixture  shall  readily  fiow  to  the 
owest  comer,  which  shall  not  be  more  than  six  inches  above  the  pavement. 
Approved  mechanical  grout  mixers  may  be  used. 

6 1. 13.  The  mixture,  not  exceeding  one  sack  of  cement  together  with  a 
ike  amount  of  sand,  snail  beplaced  in  the  box  and  mixed  dry,  until  the  mass 
issumes  a  uniform  color.  Water  shall  then  be  added,  forming  a  liquid  mix- 
ure  of  the  consistency  of  thin  cream  for  the  first  coat  and  slightly  thicker 
or  each  succeeding  coat.  Prom  the  time  the  water  is  applied  until  the  last 
Irop  is  removed  and  floated  into  the  joints  of  the  pavement  the  mixture  must 
»e  constantly  a^tated. 

61.14.  The  bnck  shall  be  wet  to  the  satisfaction  of  the  Engineer  before 
itij  grout  is  placed.  The  grout  shall  be  removed  from  the  box  to  the  street 
unace  with  a  scoop  shovel  and  immediately  swept  into  the  joints,  the  mix- 
ttre  in  the  box  being  constantly  agitated  while  this  is  being  done. 

The  work  of  grouting  shall  proceed  for  the  entire  width  of  the  pavement. 
Vhen  sufficient  time  has  elapsed  for  the  grout  to  thoroughly  penetrate  all  the 
oints,  but  before  the  cement  has  attained  its  initial  set,  the  section  treated 
hall  be  gone  over  a  second  time  in  the  same  manner,  care  being  taken  to 
horoughly  fill  all  joints  from  the  bottom  flush  with  the  top  of  the  olock.  If 
lecessary  to  secure  flush  joints,  a  third,  fourth  or  fifth  coat  of  the  grout  shall 
>e  swept  in  and  smoothed  off  with  a  suitable  sciueegee. 

Care  shall  be  taken  to  so  conduct  the  grouting  that  no  part  of  any  joint 
dll  receive  an  application  of  the  second  grout  until  the  first  is  satisfactorily 
:ompleted,  nor  ox  the  third  until  the  second  is  completed,  etc.  To  insure 
his  result  metal  strips  1-16  in.  by  6  in.  by  3  ft.  must  be  inserted,  for  the  full 
enffth  of  the  joint,  at  work  intervals;  all  of  the  several  applications  of  grout 
aust  be  completed  up  to  this  joint  before  any  grouting  is  begun  on  the  other 
ide  of  it. 

61.15.  After  the  joints  are  thus  filled  flush  with  the  top  of  the  blocks  and 
ufficient  time  for  hardening  has  taken  place,  so  that  the  cover  coat  will 
lot  absorb  any  moisture  from  the  grout,  one  inch  of  suitable  material  shall 
)e  spread  evenly  over  the  entire  suriace,  and  be  kept  moist  for  a  period  of  at 
east  ten  day^B  and  until  the  grout  has  thoroughly  set. 

During  this  period  the  section  grouted  must  remain  absolutely  free  from 
listurbance  or  traffic  of  any  kind.  After  30  days  from  the  spreading,  thif 
»ver  coat  shall  be  completely  removed. 
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EXPANSION  JOINTS 

6i.x6.  In  case  the  ^ured  tvpeof  exx>ansion  joint  is  used,  after  the 
has  set  but  within  tmrty-six  hours  after  its  application  the  expansion  . 
forms  shall  be  withdrawn  and  the  space  thus  formed  thoroufirhly  cleaned 
a  bituminous  filler  having  a  meltiuR  point  not  less  than  120  deirrees  Fah 
heit  nor  more  than  140  degrees  Fahrenheit  shall  be  immediately  poured  is^ 
place  at  a  temperature  not  less  than  200  degrees  Fahrenheit. 

6x.i7*  If  required,  transverse  expansion    joints    shall    be     constru 
of  the  materials  and  in  the  manner  prescribed  by  the  Engineer. 

6 X.I 8.  The  quantity  of  pavement  to  be  paid  for  under  this  item 
be  the  number  of  square  yards  placed  in  accordance  with  the  plans  or  < 
tions  of  the  Engineer.  The  price  bid  per  square  yard  shall  include  the 
cushion,  paving  block,  grout,  material  for  expansion  joint,  sand,  coverixift! 
sprinkling,  and* all  other  labor,  materials  and  incidentals  necessary  to  satis* 
factorily   complete  the  work. 

The  amount  to  be  estimated  under  this  item  shall  be  computed,  by  multi> 
pljring  the  actual  width  of  pavement,  including  expansion  joints,  by  tfat 
total  length  of  pavement  measured  along  the  axis  of  the  road  and  parallel  tt 
the  surface.       <       < 
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SUGGESTIONS  FOR  THE  CONSTRUCTION  OF  A  VITRIFIKP  BRICt 
WEARING  SURFACE  ON  CEMENT-SAND  BEI>-STRBBTS 

AND  HIGHWAYS 

General. — The  durability  of  a  brick  pavement  depends  upon  three 
essentials: 

X.  Good  Design. 

2.  Good  Material. 

3.  Good  Construction. 

Design. — The  specifications  should  clearly  and  concisely  cover  all  the 
integralparts  of  the  work  viz.:  sub-grade,  drainage,  foundation,  brick  wearing 
surface,  curbing,  etc 

The  specifications  for  the  sub-grade  should  insure  a  sub-grade  free  of 
ground  water,  unyielding,  of  uniform  density  and  of  proper  grade  and  cross 
sections.  The  drainage  of  all  underground  water  should  be  given  caretiil 
consideration  and  means  specified  to  remove  same  from  the  suD-^grade. 

The  type  of  foundation  and  its  thickness  depend  largelv  on  local  conditions 
the  nature  of  the  subsoil,  the  amount  of  traffic,  and  the  cost  of  materials. 
The  foundation  should  be  designed  to  carry  and  distribute  the  load  placed 
upon  it  and  should  be  no  deeper  than  is  necessary  to  do  its  work.  Its  upper 
suif ace  should  be  smooth,  and  of  uniform  distance  below  the  surface  of  the 
finished  pavement.  ^  A  foundation  of  1*3-6  concrete  is  the  best  type  for  use 
under  a  brick  wearing  surface. 

A  cement-sand  bed  one  inch  deei>  should  be  considered  by  the  engineer 
as  one  inch  of  the  foundation;  that  is:  if  a  five  inch  foundation  is  designed, 
the  concrete  should  be  only  four  inches  thick,  the  cement-sand  bed  constitat- 
ingthe  other  inch. 

The  crown  of  the  brick  wearing  surface  shotild  be  light.  A  straight  crown 
of  one-quarter  inch  to  a  foot  is  recommended. 

Premolded  or  prepared  bituminous  strips  the  depth  of  the  brick  should  be 
used  for  longitudinal  expansion  joints.  No  transverse  expansion  joints 
should  be  used;  but  a  substantial  header,  either  of  6tone  or  concrete.  snouM 
be  used  at  the  end  of  the  pavement  and  at  all  street  and  alley  intersecttoos. 

The  use  of  a  combined  concrete  curb  and  gutter  should  be  avoided,  for  it 
brinfi[S  the  longitudinal  expansion  ioint  in  the  way  of  traffic,  causing  a  rapii 
weannfi[  away  of  the  concrete  joint. 

On  highway  work  the  use  of  steel  forms  to  hold  the  bricks  until  the  same 
are  grouted  is  recommended.  The  cement-sand  bed  will  bind  the  brick 
wearing  surface  and  the  concrete  foundation  together,  requirinsr  no  flush 
edging,  thus  saving  considerable  expense. 

Materials. — The  specifications  should  describe  the  best  materials  available. 
and  prescribe  means  for  the  testing  of  same.  Special  care  shotdd  be  used  is 
selecting  the  grouting  sand*    It  should  not  be  too  fine  but  well  giaded. 
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The  brick  for  the  wearing  surface  8hotil4  be  standard  Wire-Cut  Lug  brick 
with  bulged  ends.  The  specifications  should  not  leave  it  to  the  contractor 
to  sav  wmch  style  of  brick  shall  be  used,  but  should  specify  the  shape  of  brick 
which  the  engineer  considers  will  make  the  most  durable  pavement.  Wire- 
Cut  Lug  brick  are  made  by  independent,  competing  companies  and  are 
marketed  at  the  same  price  as  the  repressed  brick.  Their  rough  bonding  sur- 
faces, their  square  edges  and  their  uniform  lugs  have  proved  their  supenority 
under  service  and  engineers  are  specifying  them  Exclusively,  knowing  they 
will  obtain  a  high  grade  paving  bnck,  made  on  engineering  lines. 

Wire-Cut  Lug  tnick  are  made  the  standard  depth,  four  inches,  but  if  so 
specified  can  be  made  three  and  one-half  inches  or  three  inches  in  depth. 
These  shallow  brick  are  particularly  adapted  for  use  on  a  cement-sand  bed 
as  their  structural  features  give  exceptional  strength,  to  the  bond,  and  their 
use  insures  a  considerable  saving  in  material,  freighli  and  haulage. 

High  grade  Portland  cement  should  be  specified,  especially  for  the  grout 
and  cement-sand  bed. 

Construction.— 'All  n^iterials  should  pass  a  rigid  inspection.  The  paving 
brick  should  be  tested  at  the  plant  where  they  are  made.  All  Wire-Cut 
Lug  brick  companies  have  a  standard  rattler  which  is  at  the  service  of  the 
testing  engineer.  ^  Alt  cement  should  be  tested. 

Good  construction  is  obtained  by  close  inspection,  and  the  inspector  should 
always  be  on  the  work. 

The  interpretation  of  the  specifications  shall  be  made  by  the  engineer,  and 
materials,  manner  of  testing,  and  equipment  for  doing  the  work,  should 
meet  with  his  api>roval. 

In  the  preparation  of  the  cement-g^out  filler,  the  sand  should  be  carefully 
selected,  and  should  be  well  graded  and  not  too  fine.  The  amount  of  water 
necessary  to  obtain  the  proper  consistency  should  be  determined,  and  so 
regulated  as  to  obtain  the  same  amount  for  each  batch  of  the  filler.  Too 
much  water  will  cause  separation;  too  little  water  will  cause  A  bridging  of 
the  joints. 

SPECIFICATIONS  FOR  THE  BRICK  WEARING  SURFACE 

Brick. — The  contractor  shall  submit  samples  and  name  the  brands  of 
brick  with  prices  respectively  upon  which  he  submits  bids.  The  brick 
shall  be  of  tne  quality  and  size  commercially  known  as  wire-cut  Ittg  vitrified 
paving  brick.  They  shall  be  reasonably  straight,  uniform  in  size,  texture 
and  shape  and  shall  oe  hard,  tough,  evenly  burned  and  thoroughly  annealed. 
When  broken,  the  brick  uiall  show  a  uniform  fracture,  free  from  lime, 
marked  laminations  and  other  defects  which  would  tend  to  depreciate  their 
value  as  a  paving  material.  They  shall  have  square  edges  and  shall  have 
one  fairly  straight  face,  and  one  siae  of  the  brick  shall  be  provided  with  four 
(4)  projections,  which  shall  not  project  more  than  one-fourth  (yi)  of  an 
inch  or  less  than  one-eighth  (H)  of  an  inch.  Each  end  shall  have  a  bulge 
of  at  least  one-sixteenth  (He)  of  an  inch.  All  brick  so  distorted  as  to  lay 
unevenly  in  the  pavement  shall  be  rejected. 


The  standard  size  of  paving  brick  shall  be  three  and  one-half  (3^)  inches 
in  width,  four  (*4)  inches  in  depth,  and  eight  and  one-half  (8^^  mches  in 
length,  and  shall  not  vary  from  these  dimensions  more  than  one-eighth  (^) 
of  an  mch  in  width  or  depth,  nor  more  than  one-quarter  (K)  of  an  inch  in 
length. 

Kispection.— -All  brick  shall  be  subject  to  thorous^h  inspection  before  and 
after  laying  and  rolling.  Factory  inspection  of  bnck  including  the  rattler 
test  shall  be  made  if  in  the  judgment  of  the  engineer  it  be  expedient. 

Test. — The  bricks  shall  not  lose  of  their  weight  more  than  24  per  cent. 
after  being  submitted  to  the  Standard  Rattler  Test,  to  be  made  under  the 
specifications,  in  the  manner  and  method  and  with  a  rattler,  together  with 
records  thereof,  as  adopted  by  the  American  Society  for  Testing  Materials 
at  their  annual  meeting  in  1915* 

Cement-sand  Bed. — Upon  the  foundation  as  prepared  there  shall  be 
spread  a  bed  of  cement  and  sand  of  uniform  density  to  the  depth  of  one  (i) 
inch  and  in  the  proportion  of  one  cement  and  four  sand.  The  cement  and 
sand  shall  be  tnoroughly  mixed  dry  in  a  mixer  until  a  uniform  color  is 
obtained. 

The  cement-sand  bed  shall  be  carefully  shaped  to  a  true  cross  section, 
parallel  with  the  finished  pavement,  by  means  of  a  template  covering  at  lea^t 

*If  local  conditions  justify,  the  depth  of  the  brick  may  be  made  three  and 
one-half  (sH)  or  three  (3)  inches. 
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one-half  (H)  of  the  width  of  the  brick  work,  and  so  made  as  to  be  easily  drawn 
over  the  curb  or  guide  rails  set  to  the  proper  elevation.  The  oj^ration  of 
shaping  the  oement-sand  bed  for  the  brick  is  considered  of  prime  importance 
in  securing  the  desired  evenness  in  the  surface  of  the  finished  pavement. 

Bxpaasioa  Joints. — Expansion  joints  shall  be  placed  parallel  with  and  at 
each  curb  line  and  extend  across  each  street  and  alley  intersections.  It 
should  be  one-half  (H)  of  an  inch  in  width  for  streets  less  than  twenty  (so) 
feet  wide:  three^fourtns  (^)  of  an  inch  for  streets  from  twenty  (ao)  to 
thirty  (30)  feet  wide,  and  one  (i)  inch  in  width  for  streets  wider  than  tmrty 
(30)  feet.     This  joint  must  extend  to  the  depth  of  the  brick. 

A  premolded  or  prepared  bituminous  strip  which  will  be  unaffected  by  the 
action  of  water  and  will  remain  pliable  at  alf  temperatures  to  which  it  may-be 
subjected  shall  be  used  for  this  purpose.  The  material  should  be  xa&de  into 
strips  of  suitable  length  and  of  the  required  depth  and  thickness  and  shall 
be  placed  in  the  pavement  with  the  ends  closely  jdined  as  the  bricks  are  betag 
laid. 

Delirery  of  Brick.— Before  the  grading  is  finished  €he  brick  shall  be  hauled 
and  neatly  piled  without  the  euro  line  in  sufiicient  quantities  to  complete 
the  brick  surface.  Clamps  or  convevors  may  be  used  in  connection  with 
this  work,  but  the  brick  snail  not  be  dumped  from  wagons  nor  shall  they  be 
thrown  from  wagons  to  piles,  or  from  cars  to  wagons,  nor  shall  they  be  piled 
in  any  location  where  they  are  likely  to  become  bespattered  or  covered  with 
mud  or  otherwise  injured,  unless  thoroughly  protected. 

In  delivering  the  brick  from  the  piles  for  placement  in  the  street,  no  wheel- 
ing in  barrows  will  be  allowed  on  the  brick  surface.  The  brick  shall  be  so 
arranged  and  carried  on  a  pallet,  or  conveyor,  that  when  delivered  to  the 
dropper  each  brick,  in  the  regular  operation  of  placing  upon  the  cement-sand 
bed  as  prepared,  will  naturally  lie  with  the  projections  m  the  same  direction 
and  with  tne  best  edge  uppermost. 

Brick  Laying. — Upon  the  cement-sand  bed  as  prepared^  the  brick  shall 
be  immediately  laid  with  the  best  edge  up,  the  projections  in  one  direction, 
and  with  the  courses  straight  and  at  right  angles  to  the  center  line  of  tbe 
pavement,  except  in  the  case  of  hillside  brick  which  are  to  be  laid  i>aralld 
thereto.  All  joints  must  be  broken  at  least  three  (3)  inbhes:  and  the  courses 
straightened  Dy  tapping  lightly  with  a  sledge  on  a  four  by  four  inch  tknber. 
three  (3)  feet  in  len^h,  provided  for  that  purpose.  Nothing  but  whole  brick 
shall  be  used  except  in  starting  and  finishing  courses,  or  in  such  cases  as  may 
be  directed  by  the  engineer.  The  cutting  and  trimming  of  the  brick  shall  bie 
done  by  experienced  men.  For  closures,  nothing  less  than  three  (3)  inch 
bats  shall  be  used;  and  the  fractured  ends  laid  towards  the  center  of  the 
pavement.  Broken  and  chipped  brick  suitable  for  batting  shall  be  used  so 
far  as  practical  in  obtaining  the  necessary  half  brick  for  breaking  courses 
and  maidng  closures,  instead  of  breaking  otherwise  whole  and  sound  brick. 
All  brick  when  laid  shall  be  clean  and  kept  clean  and  entirelv  free  from 
dirt  or  other  foreign  matter  until  the  pavement  is  completed.  All  the  work 
of  brick  laying  shall  be  done  over  the  orick  already  laid.  The  disturbing  of 
the  prepared  cement-sand  bed  is  prohibited.  As  soon  as  any  surplus  of  de- 
livery of  brick  is  ascertained,  they  shall  promptly  be  moved  forward  for  use. 

After  the  brick  have  been  laid,  the  chips  shall  be  swept  from  the  street,  all 
soft  brick  removed,  and  those  badly  broken,  badly  spawled  or  misshapen 
shall  be  turned  over  or  removed  by  the  contractor.  Brick  slightly  chipped 
on  comers,  otherwise  good,  shall  be  accepted.  All  rejected  brick,  suit^ile 
for  batting  in.  shall  be  carried  forward  and  used  for  that  purpose;  the 
remainder  shall  be  placed  in  separate  piles  along  the  street.  The  inspector 
shall  keep  the  brick  culled  and  the  contractor  shall  make  the  necessary 
changes  and  replacements  so  that  the  work  at  all  times  shall  be  ready  for 
the  grouting  within  fifty  (50)  feet  of  the  brick  laying. 

Rolling.— Immediately  after  the  brick  in  the  pavement  have  been  inspected 
and  the  surface  of  the  pavement  swept  clean,  it  shall  be  rolled  with  a  setf- 
propelling  tandem  roller,  weighing  approximately  three  (3)  tons,  in  the 
following  manner;  the  rolling  will  commence  near  the  curb  or  edging  line,  at 
a  slow  pace  and  continue  back  and  forth  until  the  center  ol  the  pavement  is 
reached,  then  pass  to  the  opposite  curb  or  edging  line  and  repeat  in  the  same 
manner  to  the  center  of  the  street.  After  the  first  passage  of  the  roller  the 
pace  may  be  quickened.  The  pavement  shall  then  be  rolled  transvn-sely 
at  an  angle  of  forty-five  (45)  degrees:  repeat  the  rolling  in  like  manner  in  the 
opposite  direction,  then  roll  parallel  with  the  curb  or  edging  line  until  the 
surface  is  smooth. 
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Before  this  last  rolling  takes  place  all  broken  or  injured  brick  must  be 
taken  up  and  replaced  with  acceptable  ones.  Portions  of  the  pavement 
naccessible  to  the  roller  shall  be  tamped  to  grade  by  the  use  of  a  hand  tamper 
applied  upon  a  two^inch  plank. 

After  the  final  rolling  the  surface  shall  be  tested  with  a  ten  (lo)  foot  straight 
$dge  laid  parallel  with  the  center  line  of  the  paviement  and  any  depressions 
szceedin^  on»^uarter  (K)  of  an  inch  shall  be  taken  out. 

All  bnck  laid  shall  be  rolled  ready  for  grouting  at  the  end  of  the  working 
lay. 

Cement  Grout  Filler. — ^The  cement  grout  used  in  filling  the  joints  in  the 
nick  shall  consist  of  one  (i)  part  of  cement  and  one  and  one-halt  (xH)  parts 
vi  sand. 

The  cement  shall  meet  the  requirements  of  the  Standard  Specifications  for 
Portland  Cement  of  the  American  Society  for  Testing  Materials,  adopted 
Vt^pust  i6th,  i$>09,  with  amendments  and  additions  thereto  adopted  by  said 
>ociety. 

The  sand  for  the  cement-sand  bed  and  the  grout  filler  shall  be  composed 
*£  clean,  sharp,  well  gradedquartz  grains  anoT  shall  not  contain  more  than 
;  per  cent,  of  day  or  silt.  The  grains  shall  be  such  size  that  all  will  pass  a 
^o.  13  sieve  and  that  not  more  than  40  per  cent,  will  i)ass  a  No.  50  sieve. 

As  soon  as  the  pavement  is  rolled  and  before  the  fUler  is  applied  the  pave- 
aent  shall  be  thoroughly  saturated  with  water  so  as  to  insure  the  hardening 
>l  the  cement-sand  bed. 

The  cement  and  sand  for  grouting  in  correct  proportions  shall  be  thor- 
nighly  mixed  dry  until  the  mass  assumes  a  uniform  color.  Prom  this  mix- 
ure  a  small  batch  not  exceeding  two  cubic  feet  shall  be  placed  in  a  suitable 
)ox  or  a  machine  especially  adapted  for  that  purpose.  Slowly  add  water  and 
horoughly  mix  until  the  mixture  is  of  sucl;  a  consistency  that  it  will  readily 
low  into  the  joints  without  separation.  Ample  time  must  be  taken  in  pre- 
Mirin^  this  liquid  mixture,  first  making  a  plastic  mortar,  then  gradually 
hinning  by  mixing  and  slowly  adding  water:  continue  the  mixing  until  all 
B  removed  and  applied  to  the  surface  in  small  quantities.  The  application 
hould  be  continued  until  the  points  appear  to  be  filled.  Any  surplus  material 
emaining  on  the  bricks  shall  then  be  swept  into  the  ioints.  Bxtreme  care 
oust  betaken  that  the  joints  are  not  cemented  over  and  tJiat  the  filler  extends 
town  to  the  bottom  of  the  brick. 

After  the  first  coat  has  had  a  chance  to  settle  and  before  the  initial  set 
ievelops,  a  second  coat  shall  be  ap]>lied  in  a  similar  manner  with  a  somewhat 
hicker  grout.  After  this  application  has  had  time  to  settle  and  before  the 
litial  set  takes  place,  the  pavement  shall  be  finished  to  a  smooth  surface 
rith  a  squeegee  having  a  rubber  edge  which  shall  be  worked  over  the  brick 
t  an  angle  with  the  joints-— thus  leaving  them  entirel^r  filled. 

The  contractor  shall  provide  thin  metal  strips  one-sixteenth  (Hs)  of  an 
ich  by  six  (6)  inches  by  three  (3)  feet  long  and  insert  same  in  the  brick 
nnts  across  the  street  when  closing  u|>  a  stretch  of  ^routing  at  work  intervals, 
0  that  the  grouting  will  end  in  a  vertical  joint.  These  strips  must  be  taken 
ut  when  the  grout  becomes  stiff  and  before  the  initial  set. 

Protection  of  FiUer.— After  the  surface  has  been  thoroughly  inspected 
nd  if  approved,  and  sufficient  time  for  settinfl[  has  taken  place  so  that  a 
Dating  of  sand  or  earth  will  not  ateorb  any  moisture  from  the  cement  mix- 
iire,  the  surface  shall  be  covered  with  one  (i)'inch  or  more  of  sand  or  earth 
:>  prevent  too  rapid  drying  of  the  filler.   This  shall  be  kept  moist  for  at  least 


mr  (4)  days,  and  no  tramc  shall  be  allowed  on  the  street  for  a  period  of  at 
ast  fifteen  (15)  days. . 
Hillside  Brick. — On  grades  when  ordered  by  the  engineer  standard  Wire- 


lut  Lug  hillside  brick  shall  be  used.  These  brick  shall  in  quality  and  test 
onform  to  the  reauirements  of  these  specifications. 

The  general  method  of  constructing  a  Wire-Cut  Lug  hillside  pavement  shall 
mforxn  to  the  standard  specifications,  except  that  the  bricks  shall  be  laid 
mgitudinallv  instead  of  transversely.  They  shall  be  grouted  in  the  manner 
oecifLed  for  bridk  pavements  except  that  all  the  grout  in  the  surface  grooves 
E  the  Wire-Cut  Lug  hillside  brick  shall  be  broomed  out  before  it  shall  have 
me  to  set  up  (care  being  taken  not  to  disturb  the  grout  in  the  longitudinal 
>int8).     This  Drooming  should  be  done  transverselyr  with  a  rattan  broom. 

Kotes.— -We  strongly  advise  the  use  of  a  small  mixer  properly  equipped 
>r  appljring  the  grout^  This  mixer  should  be  used  for  the  first  apphcation, 
nd  a  suitable  box  for  the  second  application.  When  boxes  are  used  the 
rout  shall  be  removed  from  same  with  scoop  shovels* 
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It«m  6a — Stono  Block  PaYeme&t 

6a. X.  Under  this  item  the  Contractor  shall  furnish  and  place  upon  a 
properly  prepar^  foundation  Stone  Block  pavement  of  the  quality  specified 
below,  where  shown  upon  the  plans  or  directed  by  the  Engineer. 

The  item  will  include  the  furnishing  and  placing  of  all  the  block,  saad  ■■ 
cushion,  grout,  expansion  ioints  and  all  material,  labor  and  other  expense 
incidental  thereto  but  wiU  not  include  the  concrete  foundation,  edKioR* ' 
curbing,  manholes,  catch  basins,  etc.,  which  will  be  paid  for  under  the  eq» ; 
daily  designated  items  therefor. 

62.3.  The  dimensions  of  the  blocks  shall  be  as  follows:  Not  less  than  sii 
inches  nor  more  than  twelve  inches  long  on  top,  not  less  than  three  and  oik* 
half  inches  nor  more  than  four  and  one-half  inches  wide  on  top.  and  not  lesi  j 
than  four  inches  nor  more  than  five  inches  deep.     They  shall  be  dressed  » I 
that  after  laying,  no  measurement  of  any  joint  shall  show  a  width  of  more  ^ 
than  one-halt  inch  for  a  depth  of  one  inch,  or  a  width  of  more  than  one  inch 
in  any  part  of  the  joint.    The  head  of  the  block  shall  be  so  cut  that  it  shaQ  ; 
not  have  a  depression  in  it  more  than  three-eighths  inch  deep,  and  the  edsei  I 
and  comers  must  be  full  unchipped  and  unbroken.    All  blocks  shall  be ' 
sorted  and  laid  in  straight  courses  of  uniform  width  and  depth.  « 

62.3.  The  blocks  shall  be  of  stone  of  medium  sized  grain  showing  an  even 
distribution  of  constituent  material.  They  Shall  be  <n  uniform  quality  sod  i 
texture,  without  seams,  scales  or  disintegration,  and  free  from  an  excess  d  \ 
mica  or  feldspar.  They  shall  be  made  from  rock  which  when  tested  in  the  ' 
Deval  Rattler  will  show  a  "coefficient  of  wear"  of  more  than  7  and  lesi  | 
than  14.  All  blocks  for  any  one  contract  shall  be  from  the  same  quarry  un- 
less otherwise  directed.  < 

62.4.  On  the  prepared  foundation,  sufficient  clean  Cushion  Sandssde* 
scribed  under  "Materials  of  Construction"  on  page  7i9>  shall  be  spread  tc 
such  a  thickness  that  after  the  pavement  has  been  thoroughly  rammed  or 
settled  the  sand  under  the  block  shall  be  nowhere  less  than  one  inch  thick. 

On  the  sand  cushion  above  specified,  the  blocks  shall  be  set  vertically  os 
edge  in  close  contact  with  each  other,  and  in  straight  rows  across  the  road 
at  right  angles  to  the  curb,  except  at  intersections,  where  the  an^le  of  the 
rows  with  the  curb  shall  be  varied  to  meet  the  conditions.     Blocks  m  adjoin*  ' 
ing  rows  shall  be  set  to  break  joints  not  less  than  three  inches.     All  blods  1 
shall  be  set  so  that  when  thoroughly  rammed  or  settled  to  a  firm,  unyielding 
bearing,  they  will  then  be  true  to  hnes,  grades  and  cross-sections,  and  have 
no  joints  greater  than  the  maximum  allowable.     All  depressions  or  irregu- 
larities in  the  surface  shall  be  corrected  to  the  satisfaction  of  the  Bngineer.  ' 
Only  practiced  and  competent  pavers  shall  be  employed  in  la3ring  the  blodo. 

After  the  blocks  are  laid,  sufficient  approved  clean  gravel  shaJl  be  spread  I 
over  the  surface  and  swept  into  the  joints  so  as  to  fill  the  latter  to  a  deptk  ' 
of  about  two  inches  from  the  bottom.  The  blocks  shall  then  be  thoroui^  ' 
rammed  or  rolled  until  firm,  even  and  true. to  the  lines,  grades  and  cro»  < 
sections. 

Approved  expansion  joints  shall  be  provided  along  the  curb  as  may  be  ] 
required  and  shall  be  filled  with  the  same  quality  of  filler  as  is  specified  for  \ 
expansion  joints  in  brick  pavements.     Portland  cement  grout  mixed  in  pro-  . 
portions  of  one  part  cement  and  one  part  sand  shall  then  be  poured  into  the 
joints  until  the  grout  flushes  *to  the  surface  of  the  pavement.     The  gnmt 
shall  be  broomed  when  required,  and  the  pouring  and  broommg  shi^  bt 
continued  until  all  the  joints  are  thoroughly  filled,  and  the  grout  is  even  with 
tile  highest  part  of  any  and  all  blocks.     Sprinkling  or  otherwise  wetting  ths 
blocks  before  grouting  shall  be  done  when  atmospheric  or  other  conditioitf 
require  this  precaution  to  be  taken. 

62.5.  After  grouting  shall  have  been  completed  and  the  grout  shall  have 
sufficiently  hardened,  a  coating  of  suitable  materisU  about  one  inch  deep 
shall  be  spread  over  the  whole  surface  of  the  grouted  pavement,  and  tht 
road  shall  then  be  sprinkled  with  water.  This  covering  shall  be  kept  wet. 
and  no  travel  of  any  kind  shall  be  allowed  on  the  completed  pavement  for 
at  least  seven  days  thereafter,  nor  until  the  grout  shall  have  thoroughly  set. 
when  the  covering  shall  be  completely  removed. 

62.6.  The  quantity  to  be  paid  for  under  this  item  shall  be  the  number  of 
square  yards,  including  expansion  jbints,  of  pavement  laid  in  accordaaoi 
with  the  plans  and  as  directed  by  the  engineer." 

The  price  bid  shall  include  the  furnishing  and  placing  of  all  materials,  tbs 
spreading  of  sand  cushion,  and  laying,  ramming  or  rolUng.  grouting.  sufMs 
i>^  »m  m  WDor  and  incidental  expenses  necessary  to  complete  the  woriu 
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(City  of  Rochester,  N.  Y..  Specifications.  1911) 
e  ftrading,  subwork,  and  curbs  having  been  completed  as  hemn  speci- 
inder  the  proper  headings,  the  work  of  laying  the  concrete  foundation 
>aving  will  then  proceed. 

M>ncrete  foundation  six  (6)  inches  thick,  of  Portland  cement,  as  speci- 
n  the  bidding  sheet  and  shown  in  plans,  will  be  laid  in  accordance  with 
ipecifications  herein  contained.  The  surface  will  be  eight  (8)  inches 
t  the  finished  pavement  and  parallel  thereto,  or  seven^Ty)  inches  if  a 
'5)  inch  block  is  specified. 

e  surface  to  be  kept  wet  until  covered  with  sand,  and,  at  least,  thirty- 
t6)  hours  shall  be  allowed  for  the  concrete  to  set  before  the  pavement  is 
When  coiAiection  is  to  be  made  with  any  layer  set,  or  partially  set,  the 
of  such  layer  must  be  broken  down,  shall  be  free  from  dust  and  properly 
so  as  to  make  the  joints  fresh  and  close.  On  this- concrete  foundation 
be  laid  a  bed  of  clean,  sharp  sand,  perfectly  free  from  moisture  {made  so 
rtificial  heat  if  deemed  necessary),  not  less  than  one  (i)  inch  thick,  to 
lepth  necessary  to  bring  the  pavement  and  crosswalks  to  the  proper 
e  when  thoroughly  rammed. 

>on  this  bed  of  sand,  the  stone  blocks  and  crosswalks  must  be  laid.  The 
3  blocks  are  to  be  laid  in  straight  courses  at  right  angles  with  the  line 
le  street,  except  in  intersections  of  streets,  where  the  courses  shall  be 
diagonally,  and  except  in  special  cases,  when  they  shall  be  laid  at  such 
s,  with  su(m  crown  and  at  such  grade  as  the  city  engineer  may  direct, 
i  course  of  blocks  shall  be  uniform  in  width  and  depth,  and  shall  be 
;ed  and  selected  for  the  pavers  on  the  sidewalks,  and  so  laid  that  aXl 
itudinal  Joints  or  end  joints  shall  be  close  joints  and  shall  be  broken  by  a  lap 
I  least  three  inches,  and  that  joints  between  courses  shall  not  be  more 
I  one-half  inch  in  width.  The  blocks  shall  then  be  thoroughly  rammed 
ourses  at  least  three  times  by  a  rammer  weighing  not  less  than  eighty 
pounds— no  iron  of  any  kind  being  allowed  on  its  lower  face  to  come  in 
act  with  the  paving,  and  until  brought  to  an  unyielding  bearing,  with 
liform  surface,  true  to  the  roadway  on  the  established  grade.  The  sur- 
of  the  pavement  thus  completed  must  be  even  and  smooth  throughout 
molded  to  conform  to  the  wells  of  the  surface  sewers,  street  and  alley 
rsections,  drainage  details,  and  the  grade  lines  established  by  the^  city 
neer.  During  the  final  ramming  the  pavement  shall  be  tested  with  a 
ight-edge  and  templet,  and  any  unevenness  must  be  taken  out  and  made 
to  the  required  grade^  levd,  and  cross-section. 

a  paving  pitch  filler  is  used,  the  joints  shall  be  fiUed  with  clean,  dry, 
gravel  or  proper  size  as  herein  specified,  heated  in  pans  especiallv  pro- 
id  for  that  purpose,  and  poured  from  cans  having  small  spouts  and  thor- 
Uy  settled  m  place  with  wire  picks  until  the  level  of  the  gravel  is  at  least 
inches  below  the  top  of  the  pavement. 

he  gravel  used  between  the  blocks  shall  be  of  such  size  as  will  pass  through 
eve  having  four  meshes  per  square  inch,  and  be  retained  on  a  sieve  of 
r-four  meshes  per  square  inch,  and  must  be  screened  when  dry. 


joints  and  all  interstices  ef  grftvel  filling 
i  no  more,  and  are  filled  flush  with  the  top  of  the  blocks.  Dry,  hot  gravel 
(t  then  be  poured  along  the  joints,  filled  with  paving  cement,  as  above 
»ibed. 

he  paving  cement  to  be  used  in  filling  the  joints  as  herein  provided  shall 
I  paving  pitch  of  the  best  quality,  of  a  brand  that  has  been  proved  by 
uu  use  m  pavements  known  to  the  city  engineer  to  be  best  adapted  to 
purpose.  It  shall  be  delivered  on  the  work  in  lots  at  least  one  week 
ne  using,  in  order  that  the  necessary  analjsis  and  examination  may  be 
le  by  the  city  engineer.  In  addition  to  this  the  contractor  must  furnish 
aty  engineer  with  the  certificate  of  the  mantifacturer  or  refiner  that  the 
terials  are  of  the  kind  specified. 

lie  city  engineer  may  direct  that  a  Portland  cement  grout  filler  may  be 
1  in  the  joints  instead  of  a  paving  pitch,  in  which  case  the  pavement  shall 
thoroughly  sprinkled  or  washed  with  water  before  grouting.  The  grout 
U  be  mixed  with  clean,  sharp  sand  of  approved  quality,  in  the  proportion 
me  to  one.  the  cement  and  sand  to  be  thoroughlv  mixed  together  dry, 
i  box,  and  then  only  a  sufficient  amount  of  water  added  to  makt  the  grout 
ihe  proper  fluidity  when  thoroughly  stirred. 
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The  grout  shall  be  prepared  only  in  small  quantities  at  a  time,  and  shalll 
stirred  rapidly  and  constantly  in  the  box  and  while  heing  applied  to  ' 
pavement,  and  no  settlings  or  residue  will  be  allowed  to  be  used. 

The  grout  shall  be  transferred  to  the  pavement  in  such  a  way  as  the  i 
neer  mav  think  most  advantageous  and  best  for  the  work,  and  g^gil 
be  rapidly  swept  into  the  joints  of  the  pavement  with  proper  brooms, 
stones  shall  be  well  wet  as  directed  before  the  grout  is  appUed,  and  the 
ing  must  be  continued  until  the  joints  remain  full. 

,  All  teams  and  traffic  of  any  kind,  except  on  planks,  shall  be  rigidly , 
hibited  on  the  pavement  for  ten  days  after  the  grout  is  applied,  or  unti^ 
the  opinion  of  the  engineer,  it  has  become  thoroxighly  set  and  hardenedjj 
that  the  bond  will  not  be  broken  by  traffic  over  the  pavement. 

STANDARD    SPECIFICATIONS    FOR 
HIGHWAY  BRIDGE  CONSTRUCTION 


Series  of  19x7 
IOWA  STATE  mOHWAY  COMMISSION 

AMES,  IOWA 

Section  Three 

GENERAL  CONSTRUCTION   AND  MATERIAL    CLAUSES 

GENERAL  INSTRUCTIONS 

I.  Location  and  Alignment — The  general  location  and  elevation  of  the 
structure  at  the  proposed  site  will  be  determined  by  the  en^neer,  but  the 
contractor  shall  assume  full  responsibility  for  the  ali^ment,  elevations  and 
dimensions  of  each  and  all  parts  of  the  work  and  their  mutual  asrreemect 

3.  Excavation. — The  depth  of  all  foundations  shall  be  shown  on  the 
accompanying  drawings  and  the  prices  bid  shall  cover  the  total  cost  of  fons- 
dations  carried  to  the  elevations  shown. 

If  directed  by  the  engineer,  the  contractor  shall  carry  the  excavatios 
deeper  and  this  cost  shall  be  covered  as  follows: 

For  the  first  two  feet  or  fraction  thereof  below  elevation  shown  on  the 
plans,  the  cost  of  excavation  shall  be  included  in  the  price  bid  i>er  cubic 
yard  for  additional  concrete  placed  below  the  elevation  of  bottom  of  foe*- 
ings.  For  excavation  carried  below  this  depth,  i.e.,  a  feet  below  elevatiaa , 
of  bottom  of  footings  as  shown  on  plans,  the  contractor  shall  be  allowed  actul 
cost  plus  ten  per  cent.,  in  addition  to  the  unit  price  bid  for  extra  concret  is 
founaations. 

If  rock  foundation  is  secured,  the  excavation  shall  be  done  in  such  a  mamitf 
as  to  allow  the  rock  to  be  exposed  and  prepared  for  receiving  the  concrete. 
All  loose  and  disintegrated  rock  or  thin  strata  shall  be  stripped  to  a  deis 
bed  acceptable  to  the  engineer. 

3.  Additional  or  Less  Concrete. — Additional  concrete  placed  or  concrete 
not  placed  shall  be  paid  for  at  the  prices  stipulated  in  the  form  of  tender- 
All  costs  of  excavations  are  included  in  the  price  bid  on  additional  concrete 
except  as  noted  in  Section  3.  Paragraph  3. 

4.  Inspection  of  Excavation  Forms  and  Reinfordng. — After  the  excavs^ 
tion  is  completed  the  contractor  shall  notify  the  engineer  who  shall  roakt  aii 
inspection  of  the  depth  and  character  of  the  foundation.  No  concrete  shil 
be  run  or  masonry  placed  until  after  the  engineer  has  ai)proved  the  depA 
and  character  of  foundation  material. 

After  the  forms  are  constructed  and  the  reinforcing  secured  in  place  aai 
before  any  concrete  is  run  the  contractor  shall  notify  the  engineer  who  slis£ 
make  an  mspection  of  the  forms  and  reinforcing. 

The  county  shall  be  responsible  for  all  delays  caused  by  the  failure  to 
make  inspection  after  a  twenty-four  (24)  hour  notice  has  been  given  by  tlte 
contractor  or  his  authorized  agent. 
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5.  PUliiif  .-^The  contractor  shall  do  no  filling  work  around  completed 
iridges  or  oiilverts  without  the  permission  of  the  engineer..  If  any  filling 
)  contemidated  in  this  contract  it  shall  be  specificall^r  provided  for  in  the 
irpposal.  Specifications  governing  the  manner  of  placing  the  filling  around 
iridges  and  culverts  will  be  founa  under  the  detailed  si>ecification8  for  that 
irpe  of  structure. 

It  shall  be  the  duty  of  the  county  engineer  to  rex>ort  to  the  board  of  super- 
isors  the  actual  cost  of  filling  over  or  around  bridges  and  culverts  on  the 
ownship  road  system. 

6.  Removal  <«  Present  Stractore.— Prices  bid  for  each  structure  shall 
idude  the  cost  of  removing  any  existing  structure,  but  it  is  understood 
liat  the  contractor  may  use  dunng  construction  any  material  in  such  old 
iructure  that  is  not  needed  by  the  county  for  building  a  temporary  crossing. 
Usable  material  shall  not  be  cut  or  otherwise  destroyed,  and  on  completion 
I  the  work,  the  contractor  shall  pile  this  material  in  an  accessible  location 
B  directed  by  the  engineer. 

Concrete  Masonry 

7.  Concrete  Measuring  and  Proportioning. — The  proportions  of  the  differ- 
It  classes  of  concrete  shall  be  carefully  secured  by  some  method  of  measur- 
ig  satisfactory  to  the  engineer,  the  cement  being  measured  as  packed  by  the 
lanufacturers  and  the  aggregate  loose.  The  use  of,  bottomless  boxes  and 
iuare  wheelbarrows  of  uniform  size  designed  for  this  purpose,  will  be  ac- 
spted  as  satisfactory  methods. 

8.  Concrete  Minng  and  Placing. — ^All  concrete  used  under  these  specificap> 
ons  shall  be  thoroughly  mixed  in  a  machine  mixer  of  the  batch  type.  The 
mcrete  shall  be  mixed  continuously  for  a  minimum  of  twelve  (la)  revolu- 
ons  in  a  mixer  having  an  approximate  speed  of  13  revolutions  per  minute, 
he  plant  shall  be  equipped  atid  arranged  to  mix  and  place  the  concrete 
lickly  and  uniformly.  Care  ^all  be  taken  not  to  bulge  the  forms  in  placing 
increte  and  all  exposed  faces  shall  be  worked  in  some  manner  to  bring  a 
tick  layer  of  mortar  in  contact  with  the  forms.  The  consistency  of  the 
»ncrete  shall  be  such  that  water  will  thoroughly  flush  the  surface  under 
jnping. 

All  top  surfaces  of  walls,  abutments,  girders,  floors,  copings  and  hand^ 
Hing  shall  be  carefully  tamped  and  trowelled  to  a  smooth,  even  surface, 
id  shall  be  protected  while  setting  from  the  direct  tslys  of  the  sun. 
NoTB. — One  of  the  most  important  factors  of  good  concrete  is  proper  mixing 
id  no  deviation  from  the  above  requirements  will  be  permitted  except  by 
ritten  orders  of  the  engmeer. 

9.  Hydrated  Lime. — 'Where  a  dense  or  imperviotis  concrete  is  desired 
e  engineer  may  specify  the  use  of  not  to  exceed  ei^ht  per  cent  (8%)  (by 
sight  of  cement)  of  hydrated  lime.     The  hydrated  hme  used  shall  conform 

the  requirements  of  the  standard  specifications  of  the  American  Society 
r  Testing  Materials. 
If  hydrated  lime  is  to  be  used  the  engineer  shall  specifv  in  the  instructions 

bidders  the  portions  of  the  work  to  which  the  hydrated  lime  is  to  be  added. 

10.  Concrete  in  Freezing  Weather.-— No  concrete  shall  be  laid  in  freezing 
tather  without  the  permission  of  the  engineer.  For  placing  concrete 
iring  freezing  weather,  a  suitable  plant  shall  be  established  by  the  con- 
ictor  subject  to  the  approval  of  the  engineer;  The  water,  sand,  gravel 
d  crushed  stone  shall  be  heated  and  the  concrete  masonry  protected  as 
rected  bv  the  engineer. 

zi.  Curing  Cement. — Careful  attention  shall  be  given  by  the  contractor 
the  proper  curing  of  the  concrete.  Handrails,  floors,  and  trowelled 
rfaces  shall  be  protected  from  the  sun,  and  in  dry.  hot  weather,  the  whole 
nicture  shsdl  be  kept  damp  for  a  period  of  one  week.  The  floors  on  con- 
ite  and  ste^l  bridges  shall  be  covered  with  damp  sand  or  other  suitable 
iterial  as  soon  as  the  concrete  has  taken  its  initial  set.  Other  precautions 
insure  thorough  curing  of  the  concrete  shall  be  taken  by  the  contractor  as 
"ected  by  the  engineer. 

MATERIALS 

Concrete  Materials 

za.  Cement. — The  cemept  shall  be  a  standard  Portland  Cement  of  a 
and  approved  b>r  the  engineer  and  shall  conform  to  the  standard  specifica- 
tis  of^the  American  Society  for  Testing  Materials,  effective  January  i, 
17.    If  car  load  shipments  are  made,  the  engineer  ihaU  have  at  least 
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ten  (xo)  dayB  after  the  cement  is  delivered  to  the  work  to  make  such  tests 
he  may  think  desirable  before  it  is  used.    If  the  cement  fails  to  pass ' 
accelerated  test  for  soundness,  it  may  be  held  for  the  28-day  test, 
must  be  exercised  in  the  storing  and  protection  of  the  cement  on  the 
and  any  cement  damaged  by  moisture  or  which  f  aik  to  meet  any  of  the 
requirements,  shall  be  rejected. 

,  I3»  Water.— Water  used  in  concrete  shall  be  fresh,  clean  and  free 
dirt  suid  sewage  or  alkali  and  shall  be  used  in  such  quantities  as  the 
directs. 

14.  Sand. — The  sand  shall  consist  of  clean,  siliceous  grains  unift 
graded  in  sise,  from  finest  particles  up  to  a  diameter  passing  a  H"  screen. 
shall  contain  not  more  than  two  and  one>half  per  cent.  X^yi%)  of  day 
actual  dry  weight. 

NoTB. — If  tested  with  water  in  a  graduate  the  apparent  clay  content  afl 
one  hour  settlement  shall  not  exceedl  seven  (7%)  per  cent. 

IS*  Sweenad  Gravel.— Screened  gravel  shall  be  uniformlv  graded  in  sis 

••A"  and  Class 


from  grains  rejected  by  a  yi"  screen  to  those  passing  a  iW 
"C"  concrete,  and  to  those  passing  a  a>V'  screen  for  Cltf 


screen  for  Cka 


'  B "  concrete.  Any  material  containing  shale,  lumps,  disintegrated  or 
rotten  boulders  or  clay  exceeding  two  and  one-half  per  cent.  (3H%)^ 
weight,  shall  be  rejected,  unless  by  washing  a  clean  product  can  be  produced. 
i6.  UnBcreened  Gravel.— Unscreened  or  pit-run  gravel  shall  conform  to 
the  above  requirements  for  sand  and  gravel  as  to  sise,  cleanness,  and  quaHt;. 
The  engineer  may  permit  the  use  of  unscreened  or  pit-run  gravel  subject 
to  frequent  tests  to  determine  the  relative  proportions  of  sand  and  pebUet 
If  unscreened  gravel  is  used  the  proportions  shall  conform  strictly  to  tte 
requirements  ox  each  class  of  concrete  specified. 

17.  Crushed  Stone^— All  crushed  stone  shall  be  dean  and  hard  showing  1 
fine  compact  grain.  The  qualit^^  of  cnuhed  stone  required  will  be  met  ^ 
trap,  guartzite  or  limestone,  having  a  French  coefficient  ci  wear  of  not  ka 
than  6.  Stone  dust  or  dirt  appearing  as  a  film  covering  the  individual 
pieces,  will  cause  rejection  unless  the  stone  is  cleaned  by  washing.  Tbe 
crushed  stone  when  delivered  at  the  site  shall  be  placed  on  planks  or  other 
suitable  material  to  prevent  its  being  mixed  with  dirt  or  other  injurioos 
substances.  The  crushed  stone  shall  be  placed  in  separate  storage  piles 
from    the    fine    aggregate. 

Concrete  ClaMes  for  Screened  and  Graded  Aggregate 

18.  Class  **A"  Concrete. — x  part  cement;  2  parts  sand;  4  parts  crushed 
stone  or  screened  pebbles  passing  iH''  screen. 

19.  Class  "B"  Concrete.— I  part  cement;  2H  parts  sand;  5  parts  crushed 
stone  or  screened  pebbles  passmg  a  2H"  screen. 

20.  Class  "C"  or  Thin  section  Concrete.— i  i>art  cement;  3  parts  saad; 
3H  parts  crushed  stone  or  .screened  pebbles  passing  a  ^"  screen. 

21.  Hand  Rail  Concrete.-~i  part  cement;  aH  parts  screened  sand;  or 
I  part  cement;  xH  parts  sand;  iK  parts  crushed  quartzite  passing  a  H 
screen. 

QuANTiTiBS  For  Onb  Yard  Of  Concrbtb  Using  Screened  Material 

22.  Approximate  Quantities. — For  ordinary  materials,  sand  screened 
through  a  ^"[screen  and  aggregate  of  size  as  specified  in  the  various  dasRi 

;he  f ouowing  are  approximate  quantities  required  per  cubic  yard  of  concrete: 


Kind 


Cement 


Sand 


Broken  Stone 


1 


Class  "A". 


Class  "B" 


Class  "C". 


1.46  bbl. 


1.19 


1.68  " 


Hand  Rail 


2.84 


0.44  cu.  yd. 


0.46 


«<     << 


0.47 


1 .00 


o .  89  cu.  yd. 


0.91 


0.83**     •• 


J 


Note. — It  shall  be  permissible  for  the  en^neer  to  slightly  vary  the  aboit 
proportions  of  sand  and  aggregate  for  the  dififerent  classes  to  secure  a  * — ' 
concrete  with  materials  used. 
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Proportioiis  and  Qtuuitities  for  Unscreeiied  or  Pit-nin  GniTel 

33.  Proportion  and  Quantities  for  Unscreened  Grayel. — If  the  engineer 
lennits  the  use  of  unscreened  or  pit-run  gravel  frequent  determination  shall 
>e  made  of  the  amount  of  sand  passing  a  H"  screen  and  the  concrete  shall 
le  proportioned  by  the  following  tables  for  the  various  classes  of  concrete 
M  specified: 

24.  Class  "A"  Concrete  Pit-run  Gravel. — 

CLilSS  A 


Sand  Passing 

Proportions 

No.  Barrels  Qement  per 
Cu.  Yd.  of  Concrete 

H  "  Screen 

Cement  Pit-run  Gravel 

42% 

I  sk.  to  4 .  50  cu.  ft. 

1,50    bbl. 

45" 

I  •♦    •*    4.00  ••     " 

1.68    '* 

55" 

I  "    ••    3.50  ••    " 

1.90    •' 

65" 

-   I  "    "    3.00  "    '• 

2.25    •' 

(Not  to  exceed  6s  %  sand  .passing  H"  screen.) 
35.  Class  "B*^  Concrete  Pit-run  GrareL — 

CLASS  B 


• 

Sand  Passing 

Proportions 

No.  Barrels  Cement  per 
Cu.  Yd.  of  Concrete 

H"  Screen 

Cement  Pit-run  Gravel 

42% 

I  sk.  to  5 . 5  cu.  ft. 

1 .  22  bbl. 

45" 

I  ••    "    SO  ••     " 

1. 35  •• 

55" 

I  *1    •*    4.5  **     " 

1.50  " 

6S" 

I  "    •'    4.0  "     " 

1.68  " 

(Not  to  exceed  65  %  sand  passing  H"  screen.) 

CLASS  C 

26.  Cla»i**C"  Concrete  Pit-run  Gravel. — Same  as  Class  "A"  for  Un- 
creened  Aggregate. 

27.  Hand  Stone. — ^In  piers,  abutments  and  bases  of  wing  and  retaining 
rails  with  sections  two  feet  thick  and  over,  it  will  be  permissible  to  use  hand 
tone.  If  used,  the  individual  pieces  shall  be  carefully  placed  not  less  than 
heir  own  thickness  apart  nor  less  than  6"  from  any  face  of  the  concrete. 

28.  Mortars.— All  mortars  shall  be  specified  by  classes,  the  same  letters 
ndicating  the  same  proportion  of  sand  to  cement  as  in  the  classes  of  concrete. 
i*ar.  18  to  Par,  ai,  Sec.  three. 

Reinforcement  Steel 

29.  Reinforcement ,  SteeL—All  reinforcement  steel  required  shall  have 
ket  sectional  areas,  distribution  and  sizes  as  shown  on  the  plans,  and  shall 
lave  a  deformed  section  to  provide  a  mechanical  bond  at  frequent  intervals 
letween  steel  and  concrete.  ^  The  steel  shall  meet  the  requirements  of  the 
standard  specifications  for  billet  steel  concrete  reinforcement  bars  adopted 
ry  the  American  Society  for  Testing  Materials,  191 1,  revised  1914.  with  the 
imitations  that  all  steel  shall  be  made  by  the  open  hearth  process  and  all 
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bars  shall  be  rolled  from  new  billets  of  the  structural  steel  or  hard  giat) 
Any  form  of  bar  will  be  approved  for  use  under  the  specifications  that  p* 
vides  a  net  section  equivalent  to  the  net  section  of  a  plain,  square  bar  d  tk 
flixe  indicated  on  the  drawing. 

All  bars  shall  be  free  from  rust,  dirt,  paint  or  grease,  and  shall  present i 
clean,  fresh  surface  when  placed  in  the  structure.  ^  Each  bar  shall  be  '  ' 
rigidly  to  position  by  blocking  to  the  forms  and  wiring  to  the  bars  at  co 
points.    In  general,  all  reinforcement  steel  shall  be  placed  secitrely  in 
tion  before  the  concrete  is  run. 

In  splicing  bars  a  minimum  lap  of  24  diameters  shall  be  used. 
^  Note. — Shop  bent  reinforcement  shall  preferably  be  used  for  slab 
girder  bridges. 

30.  Structtttal  Steel  in  Concrete. — All  structural  steel  used  for  com 
reinforcement  shall  be  designed  to  meet  the  requirements  of  Section  ei^ 

Forms 

31.  Forms. — All  forms  and  centerings  shall  be  built  of  material  suf&c 
in  thickness  and  strength  to  hold  the  concrete  without  bulging  betvett' 
supports.  Additional  requirements  for  each  particular  class  of  work  uf 
specified  under  that  class.  , 

Square  corners  shall  be  filleted  and  for  all  projections  of  the  concrete  tk 
containing  forms  shall  be  given  a  bevel  of  i"  per  foot.  Beveled  forms  sbal 
be  so  framed  as  to  increase  the  thickness  of  any  such  projections  at  thek 
base,  and  to  maintain  as  the  minimum  the  dimensions  shown  on  the  plaoL 

PiUng 

32.  Timber  Foundation  Piling. — Timber  piling  used  in  the  foundatwo 
shall  be  cut  from  sound  trees,  shall  be  close-grained  and  solid  and  free  from 
defects,  such  as  injurious  ring  shakes,  large,  unsound  or  loose  knots  aM 
decay,  or  other  defects  whidi  will  materially  impair  their  strength  as 
durability. 

Timber  piling  for  foundations  shall  be  of  white,  willow,  burr  or  post  oak, 
red  cedar,  western  or  white  cedar,  cypress,  chestnut,  tamarack.  Douglas  k, 
long  leaf  southern  pine,  Norway  pine,  or  any  other  wood  that  will  satisfac- 
tOTuy  resist  the  blow  of  the  hammer  and  is  durable. 

Timber  piles  must  be  cut  above  the  ground  swell  and  have  a  unifonn 
taper.  A  line  drawn,  from  the  center  of  the  butt  to  the  center  of  the  tip 
shall  lie  within  ther  body  of  the  pile.  All  knots  must  be  trimmed  close  to  the 
body  of  the  pile,  and  all  bark  removed  soon  after  cutting. 

For  round  piles  the  minimum  diameter  at  the  tip  shall  be  8"  for  all  lengthi 
The  minimum  butt  diameter  for  any  pile  shall  be  10".  All  piling  oroend 
by  the  engineer  shall  be  in  multiples  01  2  foot  lengths. 

Where  used  the  piling  shall  be  designed  to  carry  the  full  load.  To  cany 
the  S£^e  load  per  pile  the  following  formula  shall  be  used: 

Safe  load  in  lb.  =  — ; —  in  which  w  «  weight    of    hammer  in  pounds, 

5+1 

h  —  fall  in  feet  and  s  —  average  penetration  in  inches  for  the  last  thw 
blows  of  the  hammer. 

After  driving  the  piling  the  tops  shall  be  trimmed  of  all  broomed  wood. 
The  minimum  projection  into  the  concrete  shall  be  12''  and  the  maxinrao 
projection  18". 

The  price  paid  for  piling  shall  be  paid  for  the  full  length  of  the  pile  in  the 
leads  as  ordered  by  the  engineer  or  shown  on  the  plans,  and  all  piles  required 
shall  be  ordered,  number  and  length  to  be  specified,  within  ten  days  after 
the  contract  is  signed. 

Piling  delivered  to  the  site  and  not  driven  shall  be  taken  over  by  the  coufltT 
at  cost  to  the  contractor,  as  shown  by  the  original  materijd  and  freight  bills. 
This  cost  shall  include  the  actual  cost  of  the  piling  delivered  to  the  bridge 
site  plus  any  actuaJ  expense  incurred  by  jthe  contractor  in  delivering  put 
driving  equipment  to  the  bridge  site. 

The  total  lineal  feet  of  piling  which  is  expected  to  be  used  with  each 
bridge  shall  be  used  in  comparing  bids  received.  The  right  is  reserved  to 
make  specific  conditions  for  the  furnishing  and  driving  of  pUing  for  asy 
particular  bridge. 

The  price  bid  for  piling  includes  driving  the  piling  to  place  in  the  fottflda* 
tion  and  no  extras  "mil  be  allowed  above  the  price  bid.  The  piling  shall  be 
driven  to  a  "good  refusal"  and  to  the  satisfaction  of  the  engineer. 
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Section  Fovir 

TYPES  OF  BRIDGES  AND  LOADINGS 

CLASSIFICATION 

Tliese  specifications  outline  the  minimum  requirements  for  ordinary  per- 
knent  highway  bridges,  such  as  are  necessary  generally  outside  the  limits 
tlie  larger  cities.  One  class  only.  Class  A,  is  recognized  throughout  with 
i  single  exception  of  the  Class  B  loading  for  wood  floors  on  permanent 
el  bridges. 

[f  an^  structures  are  to  be  built  under  these  specifications  to  provide  for 
avy  city  traffic,  street  car  or  interurban  loadings,  the  standard  loadings 
set  forth  herein  are  not  applicable,  and  special  specifications  will  be  sup- 
ed  by  the  Commission  to  meet  these  requirements  on  application  of  the 
ard.  or  engineer. 

Bridges  erected  over  drainage  ditches  shall,  where  necessary,  be  so  con- 
meted  as  to  allow  the  superstructure  to  be  removed  for  cleaning  said 
!;clies  with  as  little  damage  to  the  removal  and  permanent  parts  of  said 
lAge  as  practicable.  The  county  engineer  shall  in  all  cases  determine  the 
cessity  of  making  provision  for  such  construction. 

Types  of  Bridges 

I.  Steel  Bridges. — These  standard  si)ecifications  have  reference  to    the 

llo^ng  types  of  bridges: 

Steel  I-beams  Spans  up  to  32  ft.  in  length'. 

Plate  Girder  Spans,  20  ft.  to  80  ft. 

Pony  Truss  Spans,  riveted,  30  ft.  to  100  ft. 

Hs^  Truss  Spans,  100  ft.  and  over,  riveted  up  to  140  ft. 

9.  Reinforced  Concrete  Bridges  and  Culverts. — 

Box  Culverts  up  to  16  ft.  span. 

Slab  Bridges  from  14  ft.  to  25  ft.  span. 

Arch  Bridjg^es  and  Culverts,  6  ft.  span  and  over. 

Girder  Bridges  from  24  ft.  to  40  ft.  spans. 

3.  Other  Types  of  Culvert8.-r These  specifications  do  not  apply  to  various 
rpes  of  small  culverts  such  as  circular  concrete  culverts,  vitnfied  pipe  tile, 
>rrugated  iron,  boiler  iron  or  reinforced  concrete  pipe.  Detailed  specifica- 
ons  are  prepared  for  each  of  these  types. 

4.  Standard  Plans. — Standard  plans  of  the  State  Highway  Commission 
re  drawn  in  accordance  with  these  staiidard  specifications  and  are  designed 
3  interpret  the  minimum  requirements  herein  stipulated.  ^  These  plans  will 
e  supplied  to  all  county  engineers  and  special  and  detailed  plans  will  be 
upphed  by  the  Commission  on  request  of  county  engineers  and  county 
upervisors  without  cost  to  the  county. 

Loadings 

5.  Dead  Loading. — Plans  submitted  under  these  specifications  shall  pro- 
ride  for  the  following  loadings: 

Dead  Loadings: 
The  dead  loading^  includes  the  weight  of  structure,  floor  and  filling, 
using  the  following  unit  weights: 

Earth  filling 120  lb,  i>er  cu.  ft. 

Concrete 150 

Brick ISO 

Timber— Untreated 3H    "     "    ft.  B.  M. 

Timber— Treated 5 '    *'     " 

6.  Loadings  for  Steel  Trusses. — Uniform  Live  Load: 

Not  less  than  100  lb.  per  sq.  ft.  for  spans  up  to    50' 

..      ..      ..       pQ  ..     .. .  ..     4.    ..      ..        jq/    .1    ..  jQ^/ 

"       ••       ••      80   •*     100'    "    "  150' 

"      "      70  * •       **        ISO'    ••  •"  200' 

60   ••     "     300'    "  *'    250' 

Nqtb. — Decrease  0.3  lb.  for  each  increase  of  i  ft.  in  length  down  to  mini- 
mum of  50  lb.  per  sq.  ft. 
Uniform  Live  Load  for  Sidewalks:  so  lb.  per  sq.  ft. 
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CUss  "A"  Floors  and  Sidewalks 

7.  Loadincs  for  Floors  on  Steel  Bridges. — ^Uniform  Live  Load:  100  lb.  le 
sq.  ft. 

Concentrated  Live  Load:  For  Class  "A"  floors  the  minimum  ooooess- 
trated  live  load  shall  be  a  fifteen  ton  traction  engine  distributed  as  follovi: 

10,000  lb.  on  front  wheels. 

30,000  lb.  on  back  wheels. 

Distance  between  front  and  rear  axle,  11'  o". 

Distance  center  to  center  of  back  wheels,  6'  o". 

Width  of  back  wheels,  22".  ! 

For  concrete  floors  on  steel  bridges  without  joists  the  above  wheel  loadist' 
is  to  be  distributed  4'  longitudinally  and  4'  transversely. 

For  concrete  floors  on  steel  bridges  with  joists  H  of  a  wheel  loading  «| 
above  is  to  be  distributed  to  each  joist. 

The  above  loadings  shall  be  so  placed  as  to  i>roduce  maximum  stresses  a 
joists  and  floor  beams.  Diagrams  for  distribution  of  this  loading  are  shon 
on  the  standard  plans  of  the  Highway  Commission  for  truss  spans. 

Uniform  live  load  for  sidewalks,  stringers  and  brackets  75  lb.  per  sqnaa 
foot. 

Class  "B"  Floors 

Uniform  Live  Load:  100  lb.  per  square  foot. 

Concentrated  Live  Load:  The  minimum  concentrated  live  load  for  Oaa 
**B'\  floors  shall  be  a  teuton  traction  engine  having  the  distribution  of 
loadings  directly  proportionate  to  that  specined  for  the  15  ton  engine  loadiq^ 
This  loading  is  to  be  applied  only  to  the  floors  of  steel  bridges  and  mayte 
used  only  on  the  township  road  system,  or  for  temporary  use  with  wood 
joists  and  wood  flooring  on  steel  trusses  for  the  county  road  system.  Tht 
distribution  of  each  wheel  load  on  the  joists  shall  be  50  %  to  the  joist  directly 
under  the  wheel  and  25  %  to  the  joists  on  either  side. 

8.  Wind  Loadings.— ^ Wind  and  lateral  forces  on  steel  spans  shall  be  as- 
sumed as  150  lb.  per  lineal  foot  of  span  on  the  unloaded  chord  and  300  lb 
per  lineal  foot  of  span  on  the  loaded  chord,  all  loads  to  be  considered  as 
moving.  For  the  towers  of  steel  viaducts  the  wind  and  lateral  forces  sbal 
be  assumed  as  follows:  30  lb.  per  square  foot  on  one  and  one-half  times  tix 


specified  in  Pan^^ph  five. 

Uniform  Live  Load:  100  lb.  per  square  foot  of  roadway  and  sidewalli 
surface. 

Concentrated  Live  Load:  Minimum  concentrated  load  consisting  of  a  iS 
ton  traction  engine.     For  heavy  slabs  the  distribution  is  to  be  as  k>11ows: 

20,000  lb.  on  rear  wheels. 

10,000  lb.  on  front  wheels. 

11'  o"  between  axles. 

6'  0"  center  to  center  of  back  wheels. 

Width  of  wheels,  22". 

Each  back  wheel  load  is  assumed  to  be  distributed  6'  o"  transversely  nA 
5'  o"  longitudinally.  For  thin  slabs  on  girders  the  same  wheel  load  s 
assumed  to  be  distributed  4'  0"  longitudinafly  and  4'  o"  transversely. 

Typical  detail  drawings  of  concrete  floors,  slabs  and  girders  will  be  supplied 
by  the  Commission  to  indicate  the  requirements  of  these  specifications. 

10.  Loadings  for  Concrete  Arches. — Dead  Loading:  As  specified  in  pan* 
graph  5. 

Uniform  Live  Load:  100  lb.  per  square  foot  over  roadways  and  sidewalk 
suifaces. 

Concentrated  Live  Load:  Fifteen  ton  traction  engine  so  placed  as  topn* 
duce  in  combination  with  the  dead  load  stresses  maximum  stresses  in  tbe 
arch  rings. 

Allowance  for  temperature:  Concrete  arch  bridges  shall  be  designed  to 
provide  for  stresses  induced  by  a  temperature  range  of  80  degrees  F. 

Contractor's  Plans 

11.  Contractor's  Plans. — All  plans  submitted  under  these  sjpecificatiool 
shall  be  in  sufficient  detail  to  show  amount,  kindt  sizes  and  quaJity  of  mate* 
rial  and  type  of  construction  to  be  used.  They  shall  specify  the  amount  oC 
waterways  and  depth  of  foundation  below  low  water. 
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NOTB. — For  all  bridges  for  which  plans  are  prepared  by  the  contractor  the 
engineer  shall  supply  as  a  basis  for  the  design  a  profile  of  the  steam  crossing, 
showing  foundation  soundings,  grade  line  of  finished  roadway,  waterway 
required,  and  such  other  information  as  necessary  to  define  accurately  the 
structure  required. 

Section  Five 
BOX  CULVERTS,  SLAB  AND  GIRDER  BRIDGES 

I.  Standard  Hans. — Standard  plans  for  concrete  box  culverts,  slab 
and  girder  bridges  will  be  fumi^ed  by  the  Commission  to  the  county 
boards  and  engineers  to  supplement  and  interpret  requirements  of  these 
specifications. 

3.  Roadways — County  Road  System. — For  bridges  of  the  above  types 
ample  roadway  shottld  be  provided.  The  following  table  gives  the  recom- 
mended minimum  width  of  roadway  fpr  average  conditions  of  traffic,  but 
these  widths  shottld  be  increased  inside  of  corporations  or  where  traffic  is 
tinusuall^r  heavy.  The  minimum  legal  width  of  roadway  is  also  specified. 
These  widths  refer  to  the  minimum  width  of  finished  roadway. 

Side  slopes  are  to  be  figured  at  one  vertical  to  i^  horizontal  in  determin- 
ing the  length  of  culverts  and  bridges  under  fills.  The  width  of  roadway 
for  each  specified  structure  shall  be  as  specified  on  the  plans. 

Roadways  for  County  Road  Systems 


Type 

Span 

Recommended 

Minimum  Width 

of  Roadway 

Minimum 
Legal  Width 
of  Roadway 

Box  culverts 

.  2'  to  16" 

24'-0" 

20'-0" 

Slab  bridsres.  ,.,,--,.- 

16'  to  3S" 

20'-0" 

i6'-o" 

Girder  bridges 

16'  to  60" 

20'-O"                             l6'-o" 

1 

3.  Roadways — ^Townsliip  Road  System. — For  roadways  of  culverts  and 
bridges  of  above  type  on  township  road  system,  the  recommended  minimum 
widui  is  shown  in  the  following  table,  also  the  minimum  legal  width.  For 
roads  which  are  at  present  included  in  the  township  road  system  but  which 
will  later  be  include<^  in  the  county  road  system,  and  which  now  carry  large 
traffic,  the  width  of  roadways  given  under  the  county  road  system  should 
apply. 

Roadways  for  Township  Road  Systems 


Type 

Span 

Recommended 

Minimum  Width 

of  Roadway 

Minimum 
Leiral  Width 
of  Roadway 

Box  culverts 

2'  to  16" 

20'-0" 

20'-0" 

Slab  bridires 

Over  16' 

i8'-o" 

i6'-Hj" 

Girder  bridflres 

All  spans 

i8'-o" 

i6'-o" 

1 

4.  Design  and  Loadin|;8. — In  general  the  dimensions  shown  on  the  stand- 
ard plans  of  the  Commission  are  minimum  for  each  sise  and  type  of  struc- 
ture.    The  loadings  shall  be  as  specified  in  Section  Four. 

5.  Permissible  Stresses. — ^The  stresses  used  in  designing  slab  and  girder 
bridges  shall  not  exceed  the  following; 
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Concrete  in  compression '  600  lb.  per  sq.  in. 

Concrete  in  tension o-'*      "     "  " 

Concrete  in  shear 100 " 

(Diagonal  tension,  reinforced  members) 

Steel  in  tension 16,000  lb.  per  sq.  in. 

Steel  in  compression 15  times  the  surrounding  concrete. 

6.  Footing. — PootingB  shall  be  carried  down  below  the  stream  bed  a 
minimum  distance  of  4^  feet  to  a  stiff  clay  or  harder  foundation,  except  for 
spans  under  x6  feet  which  may  be  built  without  footings  but  with  a  heavily 
reinforced  floor  distributing  the  pressure  on  the  foundation.  The  floor  or 
footings  of  slab  culverts  under  heavy  fills,  shall  be  desired  to  distribute  the 
pressure  the  full  length  of  the  foundations  by  longitudinal  reinforcing.  The 
foundation  pressure  xor  ordinary  soils  shall  not  exceed  two  (2)  tons  per  square 
foot. 

Depth  of  footings  shown  on  the  standard  plans  of  the  Commission  should 
be  increased  or  decreased  to  reach  a  firm  foundation  satisfactory  to  the 
engineer.  For  drainage  ditches  on  very  flat  grades  which  will  fiU,  the  top 
of  the  footings  may  be  made  level  with  the  grade  line  of  the  ditch.  Curtain 
walls  should  be  used  at  each  end  of  the  floor,  and  in  streams  having  a  swift 
current  or  subject  to  heavy  floods  the  floors  should  be  continued  to  the  end 
of  the  wings  on  the  downstream  side  and  a  curtain  wall  placed  across  the 
end  of  this  paving. 

Compensation  for  extra  depth  of  footings  shall  be  as  specified^in  Section 
3.  Paragraph  2. 

After  the  excavation  is  completed  no  concrete  shall  be  run  in  the  footings 
of  abutments  or  piers  until  the  engineer  has  approved  the  depth  of  excava- 
tion and  the  character  of  the  foundation. 

7.  Piling. — If  a  suitable  foundation  is  not  found  for  the  footings  4  feet 
below  the  dry  weather  surface  of  the  stream,  piling  shall  be  used,  driven  3 
feet  centers.  The  top  of  the  piles  shall  project  not  less  than  12  inches  nor 
more  than  18  inches  into  the  concrete  after  all  damaged  wood  has  been  cut 
off.     Where  pilinf^  are  used  they  shall  carry  the  full  load. 

Safe  load  on  piling  shall  be  figured  as  specified  in  Section  3,  Paragraph  33. 

For  all  concrete  bridges  25-foot  span  and  above  for  whicll  rock  foundation 
is  not  available  the  use  of  wood  piling  under  the  footings  is  recommended 
to  insure  permanency. 

8.  Reimorcement. — The  reinforcing  steel  shall  be  placed  not  less  than 
one  (i)  inch  from  any  outside  surface  and  shall  be  held  in  place,  as  shown  is 
the  plans,  by  blocking  from  the  forms  and  wiring  to  other  reimorcement  at 
contact  points.  For  the  bending  required  in  either  slab  or  girder  reinforce- 
ment, shop  bending  is  prderable.  The  contractor  shall  be  held  responsible 
for  accurately  placing  the  steel  in  the  position  and  true  to  the  shape  requifed 
on  the  plans.  ^  All  the  reinforcing  in  slabs  and  girders  shall  be  placed,  spaced 
and  secured  in  position  before  the  concrete  is  run.  All  slabs  shall  be  wdl 
reinforced  transversely  as  well  as  longitudinally.  Stirrups  shall  be  used  in 
girder  bridges  to  carrv  the  shear.     For  material  see  Section  3,  Paragraph  29^ 

9.  Concrete  in  Slab  Bridges. — The  following  classes  of  concrete  shall  be 
used  in  slab  bridjses: 

Abutments,  wingwalls  and  slabs — Class  "A." 

Hand  rail — ^hand  rail  concrete. 

Concrete  shall  be  placed  in  the  abutments  in  uniform  layers  across  the 
length  of  each  abutment,  care  being  taken  to  secure  a  ^ood  bond  between 
the'  footings  and  the  abutment  wall.  A  full  longitudinal  section  ai  the 
floor  slab  shall  be  run  continuously,  any  unavoidable  joints  being  made  in 
a  longitudinal  direction. 

10.  Concrete  in  Girder  Bridges. — The  following  classes  of  concrete  shall 
be  used  in  girder  bridges: 

Abutments,  wingwalls,  girders  and  floor — Class  "A." 

Hand  rail— -hand  rail  concrete. 

Each  girder  shall  be  concreted  in  a  continuous  operation,  the  concrete 
being  placed  in  layers  along  the  length  of  the  girders.  The  contractor  ^udl 
provide  adequate  equipment  to  insure  the  completion  of  each  superstructure 
within  ten  hours  after  the  first  concrete  is  placed. 

11.  Forms. — Forms  for  girders  and  slabs  shall  be  built  tight  to  allow  the 
use  of  a  wet  mixture.  Water  in  excess  shall  not  be  used.  The  forms  for  all 
exposed  faces  of  the  concrete  shall  be  dressed  smoothly  and  evenly. 
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In  general  piling  shall  be  driven  to  support  the  forms  for  all  girder  bridges 
rigidly  in  position  while  the  concrete  is  being  poured.  If  appreciable 
settlement  occurs  in  the  forms,  the  engineer  shall  stop  the  work  and  require 
a  thoroTigh  remodeling  to  insure  without  question  a  completed  product 
true  to  line  and  grade  as  shown  on  the  plans. 

To  insure  a  first-class  finish,  the  forms  shall  be  painted  "^th  linseed  oil 
or  some  other  means  taken  to  prevent  the  concrete  from  adhering  to  the 
lumber,  and  all  form  lumber  used  the  second  time  shall  be  cleaned,  and 
-warped  or  bulged  surfaces  resized.  The  sharp  angles  in  the  forms  shall 
be  filled  to  prevent  thin  or  sharp  comers  in  the  concrete. 

13.  Hand  Railing. — The  prices  bid  shall  be  on  the  form  shown  on  the 
plans,  .but  the  contractor  may  submit  alternate  designs  and  bids. 

13*  Expansion  Joints. — Expansion  joints  shall  be  left  between  the  abut- 
ments and  floor  slabs  or  girders.  The  details  of  these  expansion  joints  shall 
be  as  shown  on  the  standard  plans  of  the  commission  for  each  type. 

14.  Name  Plate. — On  important  bridges  the  contractor  shall  nimish  and 
set  a  name  plate  of  design  acceptable  to  the  engineer. 

15*  Camber. — All  single  span  girder  and  slab  bridges  shall  be  given  a 
permanent  camber  equal  to  >^o  inch  per  foot  of  clear  span.  Bridges  of  two 
or  more  spans  shall  be  given  a  camber  at  the  center  not  less  than  Ko  inch 
per  foot  of  structure. 

16.  Finishing  and  Curing. — The  tops  of  all  accessible  surfaces  shall  be 
trowelled  to  a  smooth  finish  using  a  richer-mortar  for  this  purpose  if  necessary 
to  produce  a  smooth  finish.  All  fresh  concrete  shall  be  protected  from  the 
direct  rays  of  the  sun,  and  shall  be  kept  damp  for  at  least  one  week  following 
placing.  The  contractor  shall  follow  the  directions  of  the  engineer,  and 
shall  provide  such  means  as  he  directs  to  insure  a  thoroughly  cured  product. 

17.  RemoTal  of  Forms. — The  forms  under  box  culverts  8'  X  8'  and  larger 
slate,  and  ^rders  shall  remain  in  place  in  warm  weather  not  less  than  three 
weeks  and  m  cold  weather  at  the  discretion  of  the  engineer.  On  box  culverts 
having  a  clear  span  of  less  than  8  feet  the  forms  shall  remain  in  place  for  a 
period  of  ten  days  after  the  concrete  in  the  top  slab  is  poured. 

As  Soon  as  forms  are  removed  all  rough  places  or  holes  shall  be  filled 
with  mortar  of  the  same  g^ade  as  the  concrete  used,  and  if  necessary  to 
insure  its  uniform  appearance  of  smoothness  a  fresh  coat  of  i  to  i  mortar 
shall  be  applied  to  the  entire  outside  surface  of  the  structure.  This  shall 
be  done  by  the  contractor  at  the  direction  of  the  engineer,  without  extra 
compensation,  as  it  is  the  intent  of  these  specifications  to  provide  for 
material  and  workmanship  that  will  produce  a  first-class  quahty  of  con- 
crete and  a  smooth  neat  appearance,  and  every  precaution  shall  be  taken  by 
the  contractor  to  insure  such. 

18.  I^rainage  of  Floors. — Floors  on  slab  and  girder  bridges  shall  be  drained 
where  necessary  by  tile  drains  and  the  top  sloped  toward  these  drains.  The 
drainage  from  floors  shall  preferably  be  earned  off  through  drain  pipes  in 
the  floors.    > 

19.  Sidewalks.— Sidewalks  where  built  shall  conform  to  the  requirements 
of  the  incorporation  in  which  they  are  built.  Dimensions  and  details  shall 
be  shown  on  the  plans. 

30.  Filling. — Unless  specifically  provided  in  the  contract  it  is  understood 
that  the  contractor  will  do  no  filhng  over  structures  of  the  above  type.     The 

'  earth  fill  shall  be  placed  under  direction  of  the  engineer,  and  sl^all  be  carried 
against  all  walls  in  horizontal  layers  avoiding  wedge-shaped  sections  of 
earth  against  side  walls  or  wings.  The  fill  shall  not  exceed  the  depth  speci- 
fied on  the  plans,  and  shall  not  be  placed  over  box  culverts  until  the  concrete 
has  been  in  place  ten  days. 

For  the  floor  of  deck  and  through  ^rders  and  slab  bridges  which  carry  a 
light  fill,  a  bituminous  floor  covering  is  recommended,  as  specified  in  Section 
8,  Paragraph  82.  If  used,  specific  provision  shall  be  made  for  such  floors 
in  the  contract. 

31.  Wearing  Surface. — All  concrete  floors  on  slabs  and  G^irders  not  covered 
-with  a  bituminous  surface  shall  be  finished  with  a  one-half  inch  (H")  wearing 
surface  of  i  to  i  mortar.  ^  Immediately  after  the  concrete  floor  has  been 
poured  to  the  re9uired  thickness  and  before  the  concrete  has  reached  its 
initial  set  the  entire  top  surface  of  the  floor  shall  be  covered  with  a  i  to  i 
^irearinfir  surface  of  sand  and  cement.  This  mortar  coat  shall  be  rubbed  in 
«nd  finished  with  a  heavy  wood  float  in  such  a  manner  as  to  provide  a 
smooth  even  wearing  surface. 
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Section  Six 

CONCRETE  ARCHES 

z.  Roadway*— County  Road  System. — For  bridges  of  the  above  typa 
ample  roadway  should  be  provided.  The  following  table  gives  the  recom- 
mended minimum  widtii  of  roadway  for  average  conditions  of  traffic,  but 
this  width  should  be  increased  inside  of  corporations  or  where  traffic  is 
unusually  heavy.  The  minimum  legal  width  of  roadway  is  also  specified. 
These  widths  rner  to  the  minimum  width  of  finished  roadway. 

Side  slopes  are  to  be  figured  at  i  vertical  to  iHhorizontaX  in  determining 
the  length  of  culverts  and  bridges  under  fills.  The  width  of  roadway  for 
each  specified  structure  shall  be  as  specified  on  the  plans. 

Roadways  for  County  Road  Systems 


Type 

Span 

Recommended 
Minimum  Width 

Minimum  Legal 
Width 

Arch  culverts 

Bridges 

Up  to  i6' 
Above  1 6' 

a4'-o" 
ao'-o" 

ao'-</' 
i6'-o" 

a.  Roadways — ^Township  Road  System. — For  roadways  of  culverts  and 
bridges  of  above  type  on  township  road  system,  the  recommended  Tninimnm 
width  is  shown  in  the  following  table,  also  the  minimum  legal  width.  For 
roads  which  are  at  present  included  in  the  township  road  system  but  whidi 
wiU  later  be  included  in  the  county  road  system,  and  which  now  carry  large 
traffic,  the  width  of  roadways  given  under  the  county  road  systcan  dunild 
apply. 

Roadways  for  Township  Road  Systbbis 


Type 

Span 

Recommended 
Minimum  Width 

Minimum  Legal 
Width 

Arch  culverts 

Bridges 

Up  to  i6' 
Above  1 6' 

ao'-o" 
i8'-o" 

ao'-o" 
i6'-o" 

In  general,  specific  plans  in  accordance  with  these  specifications  will  be 
furnished  for  arch  designs  by  the  Commission  on  request  of  the  engineer 
or  board. 

3.  Design  and  Loading. — In  all  designs  the  dimensions  c^  concrete  and 
areas  of  steel  at  each  pomt  shall  be  proportioned  to  carry  the  loadings  in- 
cluding the  temperature  stresses  as  specified  in  Paragraph  10.  Section  4. 

4.  Permissible  Stresses. — The  materials  used  shall  not  be  streoacd  mm 
the  following  units: 

Concrete  in  compression— -600  lb.  per  sq.  in. 
Concrete  in  tension— o  lb.  per  sq.  in. 
Steel  in  tension — 16,000  lb.  per  sq.  in. 
Steel  in  compression — 15  times  surrounding  concrete. 
For  arch  rings,  with  temperature  stresses  included,  the  following  units 
may  be  used: 

Concrete  in  compression — 750  lb.  per  sq.  in. 
Steel  in  tension — ao.ooo  lb*  per  sq,.  in. 

5.  Piling. — If  a  suitable  foundation  is  not  found  for  the  footings  5  feet 
below  the  bed  of  the  stream,  piling  may  be  used.  The  top  of  the  piles  shall 
project  not  less  than  la  inches  or  more  than  18  inches  into  the  concrete  after 
all  damaged  wood  has  been  cut  off. 

Piling  if  used,  shall  take  the  full  load,  spacing  to  be  determined  by  the 
formula  in  Section  3,  Paragraph  3a.  In  no  case  shall  the  maximum  load  on 
any  single  pile  exceed  twenty  tons. 

^  Foundations  on  piUng  shall  preferably  be  enclosed  by  permanent  water- 
tight sheet  piling  with  the  tops  sawed  on  about  i  foot  below  low  water. 

If  the  engineer  orders  sheet  piling  to  be  left  in  place,  the  contractor 
shall  be  compensated  at  the  unit  prices  bid  for  sheet  piling  placed  per^ 
manently.    If  sheet  piling  is  to  be  left  in  place  permanently  bids  shall  be 
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talran  on  the  ^imated  number  of  square  feet  of  such  piling  required,  and 
settlement  made  on  this  basis. 

Footings  for  arch  culverts  under  i6-foot  span  may  be  carried  down  to  solid 
foundation  or  may  be  reinforced  slab  floor  with  curtain  walls  at  one  or 
DOth  ends.  , Abutments  for  arch  bridge  over  i6-foot  span  shall  be  carried 
down  a  minimum  depth  of  4  feet  below  bed  of  stream  at  its  lowest  point. 
ir^MBShaU  be  earned  a  minimum  depth  of  6  feet  below  the  bed  of  the  stnam. 

o.  Abntaients  and  Footings. — Allowable  pressure  under  piers  and  abut- 
ments shall  not  exceed  the  following  units: 

Clay,  sandy  clay — 2  tons  per  sq.  ft. 

Sand  or  gravel,  confined — 2  tons  per  sq.  ft. 

Cemented  gravel — s  tons  per  sq.  ft. 

Kpck  cleaned  to  solid  bed — up  to  25  tons  per  sq.  ft. 

The  floors  of  arch  culverts  shall  be  protected  by  curtain  walls  at  either 
end  and  in  streams  having  a  swift  current,  or  subject  to  heavy  floods,  the 
I>aving  shall  be  carried  to  the  end  of  the  wing  walls  at  the  downstream 
M^  and  protected  with  a  curtain  wall  at  the  extreme  end. 

Bxtra  depth  of  exeavation  shall  be  paid  for  as  specified  in  Section  3,  Para- 

frraph  2.    After  the  excavation  is  c(unpleted  no  concrete  shall  be  run  in  the 
ootings  of  abutments  or  piers  until  the  engineer  has  approved  the  depth  of 
excavation  and  the  character  of  the  foundation. 

7.  Concrete  in  Arch  Bridges. — The  following  classes  of  concrete  shall  be 
tised  in  arch  bridges: 

For  arch  ring — Class  "A"  concrete. 
For  spandrel  walls — Class  "A"  concrete. 

For  abutments  and  piers  below  springingr— Class  *'A"  concrete. 
For  hand    xluls  including  all   concrete  placed   above   spandrels — hand 
tail  concrete. 

Hand  stone  may  be  used  in  abutments,  piers  and  gravity  sections. 

8.  Steel  Reinforcement. — Steel  reinforcement  shall  be  of  the  quality 
required  in  Section  3,  Paragrai>h  29f  and  shall  conform  to  the  detailed 
requirements  of  the  plans  as  to  size,  net  areas,  bending  and  position. 

Each  rod  shall  be  placed  and  secured  in  position  before  the  concrete  is 
run.  Preferably  small  concrete  blocks  shall  be  used  under  the  steel  to 
block  from  forms.  The  concrete  covering  shall  not  be  less  thim  i  inch. 
The  area  of  metal  at  the  crown  shall  not  be  less  than  H  of  i  %. 

Arch  reinforoement  shall  be  of  the  double  and  preferably  of  the  sym- 
xnetrical  type  and  there  shall  be  at  each  point  in  the  arch  nng  a  sufficient 
area  of  steel  to  take  all  the  tension,  on  the  assumption  that  the  concrete 
takes  no  tension. 

9.  Forms. — Forms  for  arch  bridges  shall  be  built  tight  and  surfaces  of  all 
exposed  faces  dressed  smoothly  and  evenly.  Some  adequate  means  shall  be 
taken  to  insure  non-adhesion  of  the  concrete.  Lumber  used  the  second 
time  shall  be  cleaned  and  resized,  if  necessary,  to  insure  plane  surfaces. 
Square  comers  diall  be  filled. 

The  contractor  shall  obtain  the  approval  of  the  Commission  on  his  cen- 
tering plans  before  the  work  is  started. 

10.  Removal  of  Forms. — The  forms  under  arches  shall  be  left  in  place  a 
minimum  of  three  weeks  in  warm  weather  and  in  cold  weather  for  a  length 
of  time  as  directed  by  the  engineer.  The  hand  rail  shall  be  btult  after  the 
forms  have  been  lowered  sufficiently  to  allow  the  arch  ring  to  take  the 
dead  load. 

11.  Expansion  Joints.— ^Expansion  joints  shall  be  left  in  the  spandrds  and 
hand  rail  including  the  base.  The  nunimum  number  of  expansion  joints 
for  spandrels  shall  be  three  (3)  for  arches  under  50  ft.  span  and  five  (5)  for 
arches  above  50  ft.  in  span.  Unless  otherwise  provided,  these  shall  consist 
of  tongue  and  groove  joints  thoroughly  waterproofed. 

12.  Dralnsge  and  wateriirooflng. — The  top  of  the  arch  ring  and  lower 
six  inches  of  the  inside  surface  of  the  spandrel  widla  shall  be  brought  to  a 
reasonably  smooth  surface  with  a  coating  of  rich  cement  mortar,  then 
thoroughly  covered  with  a  neat  cement  grout  or  hot  bituminous  coating. 
The  method  and  materials  shall  be  subject  to  the  approval  of  the  engineer. 
Drainage  shall  be  provided  for  the  back  of  the  arch  at  eatih  pier  and  abut- 
ment by  pipe  drains. 

13.  PSTinc  and  Aprons. — Paving  if  used  in  the  bed  of  the  stream,  shall 
be  not  less  than  nine  (9)  inches  in  thickness  and  the  bottom  shall  be  at  least 
two  (2)  feet  below  the  bed  of  the  stream.     Nine  (9)  inch  aprons  shall  extend 
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two  W  feet  below  the  top  of  pavement  on  both  upper  and  lower  sides. 
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14.  Hfuad  lUiL — ^The  prices  bid  shall  be  of  the  fonn  and  dimensioiis  shows 
on  the  plans  submitted  but  the  contractor  may  submit  alternate  bids  sad 
designs. 

15.  name  Plate.— For  the  large  bridges  a  name  plate  of  design  approved 
by  the  engineer  shall  be  furnished  and  set  by  the  contractor. 

16.  Sidewalks  and  TighHng. — Sidewalks  where  built  ^hall  conform  to  the 
requirements  of  the  incorporation  in  which  they  are  built.  EKmensions 
and  details  shall  be  shown  on  the  plans.  Details  of  lighting  and  wiring: 
shall  be  clearly  specified  on  the  plans  and  in  the  instructions  to  bidders. 

17.  Filling.'— If nless  otherwise  specified  in  the  contract,  the  board  will 
do  the  filling.  Care  should  be  taken  not  to  fill  against  fl^een  concrete  and 
to  load  the  ardi  or  arches  at  each  end  simultaneously.  The  filling  shall  be 
done  in  horizontal  layers,  avoiding  wedge  shaped  sections  of  loose  earth  or 
other  material  against  spandrels,  wings,  and  abutments. 

Section  Seven 
SUBSTRUCTURES  AND  FOUNDATIONS 

CONCRETB  PIERS  AND  ABUTMBNTS 

Standard  plans  will  be  furnished  by  the  ComnussHm  showing  in  detail  the 
minimum  requirements  of  the  various  types  of  abutments  here  specified. 

X.  Standard  Plans  and  Design* — The  design  may  be  of  either  the  rein- 
forced cantilever,  counterforted  or  gravity  section  capable  of  resisting  the 
over-turning  action  of  the  earth  and  the  impact  of  ice  jams  or  floating  d^inis. 
In  either  design  steel  shall  be  used  at  all  points  where  tension  nuiy  be  de- 
veloped. Pull  dimensions  and  details  shall  be  shown  on*  aocompanyinn 
drawings.  The  clearance  shall  be  at  least  2  inches  between  the  parapet 
wall  and  the  edge  of  the  shoes  or  bearing  plates. 

3.  Special  Designs. — Special  designs  or  those  calling  for  the  use  of  sted 
piling,  pedestals,  or  other  constructions  not  included  in  the  above  types 
or  not  approved  under  these  specifications  will  be  approved  by  the  Com- 
mission only  for  special  cases  for  which  the  detailed  plans  are  submitted. 

3.  Pennissibls  Stresses. — Steel  in  tension — 16,000  lb.  per  sq.  in. 
Concrete  in  compression — 500  lb.  per  sq.  ft. 

Bearing  on  masonry  bridge  seats — ^400  Id.  i>er  sq  in. 

4.  Piling. — Where  foundations  acceptable  to  the  board  and  engineer  can 
not  be  obtained  4  feet  below  the  bed  of  the  stream,  piling  may  be  used. 
The  number  and  spacing  of  the  pUing  shall  be  determined  by  the  formula  in 
Section  3,  Paragraph  3a.  In  general  the  spacing  shall  not  exceed  3'  &' 
center  to  center.  If  i>mng  can  be  driven,  its  use  is  recommended  under  all 
important  structures. 

After  driving  the  tops  shall  be  trimmed  of  all  broomed  wood.  The  mini* 
mum  projection  into  the  concrete  shall  be  13  inches  but  the  tops  of  the 
piling  mav  be  left  at  varying  elevations  from  X3  to  18  inches. 

5.  Footings.-— The  footings  shall  extend  a  minimum  distance  of  4  feet 
below  the  bed  of  the  stream  and  shaU  be  carried  to  a  firm  foundation  or  ' 
placed  on  pilinjs. 

For  excavation  carried  below  the  elevations  as  shown  on  the  plans  the 
contractor  shall  be  compensated  as  provided  in  Section  3.  Paragraph  3. 

Before  any  concrete  is  placed  in  footings  of  piers  or  abutments,  the  engineer 
shall  approve  the  depth  of  excavation  and  character  of  foundations. 

6.  Reinforcement. — In  cantilevered,  counterforted  or  other  reinforced 
abutments,  the  reinforcement  shall  be  placed  and  secured  in  position  befote 
the  concrete  is  run.  Care  shall  be  taken  to  secure  thoroughly  ends  of  all 
rods  as  shown  on  plans. 

All  reinforcement  steel  used  shall  conform  to  the  requirements  of  Section 
3,  Paragraph  39. 

7.  Concrete  in  Reinforced  Abutments  and  Win^  Walls. — ^Por  reinforced    < 
abutments  and  wings.  Class  *'A"  concrete  shall  be  used  throughout.     The 
concrete  shall  be  carried  up  in  horizontal  layers  full  length  m  abutments 
and  wings. 

8.  Concrete  in  Gravity  Abutments  snd  Piers. — For  gravity  sections 
the  following  classes  shall  be  used: 

Body  of  piers  and  abutments — Class  "B." 
Copmg— Olass  "A." 

Hand  stone  may  be  used  and  concrete  must  be  carried  up  in  horisontal 
layers. 
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9.  Joints*—- If  the  fonns  are  not  entirely  filled  before  the  cement  sets 
and  there  are  no  reinforcing  rods  projecting,  hand  stone  ^all  be  one-half 
imbedded  to  form  a  bond  for  the  new  concrete.  The  stones  shall  be  carefully 
placed  with  their  beds  parallel  to  flow  of  stream. 

10.  Cofferdam.- — ^Pumping  will  not  be  permitted  from  the  inside  of 
foundation  forms  while  concrete  is  being  placed,  and  if  necessary  to  prevent 
flooding,  a  seal  of  concrete  shall  be  placed  through  a  closed  chnte  and  allowed 
to  set.  Concrete  shall  not  be  placed  in  runmng  water  and  shall  only  be 
placed  in  still  water  with  stiitabie  appliances  and  under  the  direction  of  the 
engineer. 

The  inside  dimensions  of  the  cofferdam  shall  be  sufficiently  large  to  give 
easy  access  to  all  parts  of  the  foundation  forms.  For  underwater  work  a 
suitable  cofferdam  shall  be  provided. 

IX.  Forms. — Forms  for  all  exposed  faces  shall  be  preferably  of  T  &  G 
lumber,  sized  and  carefully  fitted  by  competent  workmen. 

Thickness  of  lumber,  spacing  of  studding,  bolting,  wiring  and  external 
braces  shall  be  sufficiently  strong  to  produce  plane  surfaces  on  all  exposed 
faces  and  to  protect  green  concrete  from  the  sudden  rising  of  the  stream. 

12.  Pier  Anchorsge.— 'Where  rock  foundations  are  secured  for  piers  the 
footings  shall  be  carried  not  less  than  6  inches  into  solid  rock  to  secure 
anchorage  or  anchor  rods  not  less  than  2  inches  in  diameter  and  6  feet  long 
fl^hall  be  set  as  shown  on  accompanying  plans. 

13.  Ice  Breaker. — On  piers  built  in  streams  carrying  heavy  ice,  an  ice 
breaker  with  not  less  than  an  8"  X  S''  X  H''  angle  or  a  Tee  rail  embedded 
for  cutting  edge,  shall  be  provided. 

14.  Protection  Railing. — The  contractor  for  the  sub-structure  shall 
furnish  and  install  the  2-mch  s^as  pipe  protection  railing  placed  on  the  wings 
of  abutments  for  steel  truss  bndges. 

15.  Drainage.— Adequate  drainage  for  the  backs  of  abutments  and  wings 
shall  be  provided  by  tile  or  pipe  drains  through  the  face  of  the  abutments 
at  the  around  line. 

16.  Setting  Bed  Plates.— Bed  plates  shall  be  accurately  set  to  position 
and  elevation  in  Class  '*A"  mortar,  which  shall  be  allowed  not  less  than 
forty-eight  hours  in  which  to  harden. 

17.  IMacina  of  Superstructure. — The  weight  of  the  superstructure  shall 
not  be  placed  on  concrete  piers  or  abutments  until,  within  the  judgment  of 
the  engineer,  the  concrete  shall  be  sufficiently  set  to  receive  the  super- 
structure without  injury  to  the  concrete. 

18.  Filling. — Unless  otherwise  provided  in  the  contract,  all  of  the  filling 
back  of  abutments  shall  be  done  by  the  board.  The  concrete  shall  be 
allowed  reasonable  time  to  set  and  the  fill  shall  be  carried  up  in  horizontal 
layers,  well  tamped.  The  slope  of  the  old  surface  back  of  the  abutments 
shall  be  destroyed  by  steppings.  All  possible  care  shall  be  taken  to  prevent 
a  saturated  wedge  of  the  earth  fill  settling  against  abutments  or  wings. 

Z9-  Special  Designs  and  Details. — Special  designs  and  details  shall  be 
clearly  shown  on  general  and  detailed  drawings.  The  depth  and  kind  of 
foundations  shall  be  specified. 

Tubular  Steel  Piers 

20.  Tubular  Steel  Piers. — The  minimum  diameter  of  steel  tubes  used  for 
piers  shall  be  30  inches  and  minimum  thickness  of  material  shall  be  ^  inch. 
Kach  pair  of  tubes  shall  be  rigidly  connected  by  a  web  extending  from  the 
top  to  within  two  feet  of  low  water  and  braced  by  pairs  of  an^es,  at  the 
top  and  bottom  of  the  web  and  intermediate  splices. 

Tubular  piers  shall  not  be  used  for  abutments,  and  shall  not  be  used  in 
any  case  without  consent  and  approval  of  the  engineer. 

Class  "B"  concrete  shall  be  used  for  filling.  The  size,  weight,  depth  of 
foundation  and  number  of  piling  must  be  shown  on  the  drawings. 

Section  Eight 

STEEL  SUPERSTRUCTURES 

Gensfal  Design 

X.  Types  and  Loadings. — The  types  of  bridges  and  loadings  shall  be  as 
specified  in  Section  4. 

2.  Dimensions. — In  these  si>ecification8,  the  following  dimensions  obtain: 
Span  of  Girders,  distance  center  to  center  of  bearings. 
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Spaa  of  TruMes.  distance  center  to  center  of  pedestals,  or  end  pins. 
Spaa  of  Floor  Beams,  distance  center  to  center  of  girders  or  trusses. 
Span  of  Joists,  distance  center  to  center  of  floor  beams  (one  panel  lengtL) 
Depth  of  Girders,  distance  between  centers  of  gravity  of  flang«Mt. 
Depth  of  Trusses,  distance  between  center  of  gravity  of  chords  or  between 
pin  centers. 

3.  Masoniy  Layout — The  masonry  layout  shall  be  provided  by  the  con- 
tractor for  the  superstructure  within  fifteen  days  after  the  contract  becomfs 
effective.  This  shall  be  in  sufficient  detail  to  ^ow  the  position  and  elevatum 
of  all  bed  plates  and  anchor  bolts. 

4.  Cleaiaiice.— On  a  straight  line,  the  dear  height  of  througrh  bridges  shall 
not  be  less  than  15  feet  above  the  floor  for  a  distance  of  jf^  feet  on  each  side 
of  center  line  of  roadway.  The  clear  width  between  tnasses  for  a  height 
of  10  feet  above  the  floor  shall  be  not  less  than  the  nominal  road^ray  whidi 
in  no  case  is  to  be  less  than  16  feet. 

5-  PermisaiUe  Streaaes  in  MetaL — All  parts  of  the  structure  shall  be  so 
proportioned  that  the  sum  of  the  maximum  stress  shall  not  exceed  the 
following  amounts  in  pounds  per  square  inch  except  as  modified  in  Paisr- 
graphs  8  to  IX. 

For  Steel 

Axial  tension  on  net  section — 16.000. 

Axial  compresrion  on  gross  section — 16,000  —  70  — 

Where  "1"  is  the  unsupported  length  of  the  member  in  inches  and  "r"  is 
the  least  radius  of  gyration  in  inches. 

Bending:  on  extreme  fibers  of  rolled  shapes,  built  sections  and  girders; 
net  sections— 16.000. 

On  extreme  fibers  of  pins,  rivets  and  bolts — 25tOOO. 

Shearing:  on  pins  and  shop  driven  rivets — 12,000. 

Oh  field  driven  rivets  and  turned  bolts— 9,000. 

On  plate  girder  web:  gross  section — 10,000. 

Bearing  on  pins  and  shop  driven  rivets — 34,000. 

On  field  driven  rivets  and  turned  bolts — 18,000. 

On  masonry — 400. 

On  exi>ansion  rollers  or  rockers  where  '*d"  is  the  diameter  of  the  rocker 
or  roller  in  inches,  per  linear  inch — 6ood. 

On  pin  bearing  on  rockers — 12,000. 

For  Cast  Steel 

Tension— 16,000. 
Comprcssion—i  6,000. 
Shear — 10,000. 

For  Concrete 

6.  Permissible  Stresses  in  Concrete. — Compression — 600. 
Tension — 0. 

For  Doufl^s  Fir,  White  Oak  and  Lonic  Leaf  Yellow  Pin«  Timbar 

7.  Permissible    Steesses    in    Timber. — Bending     extreme     fiber — 150a 
Tension  with  grain — 1500. 

Compression  with  ^ain — 1500. 
Shearing  across  grain— 600. 
Shearing  along  grain  stresses — 200. 

8.  Alternate  Stresses. — Members  subject  to  alternate  stress  of  tension  and 
compression  shall  be  proportioned  for  the  stress  giving  the  larRest  section. 
If  ^e  alternate  stresses  occur  in  succession  d\xnag  the  passage  of  one  load, 
each  stress  shall  be  increased  by  fifty  per  cent.  (50%)  of  the  other.  The 
connections  shall  in  all  cases  be  proportioned  for  the  sum  ci  the  stresses. 

9.  Counter  Stresses.-^ Wherever  hve  and  dead  load  stresses  are  of  opposite 
characterj  only  70  per  cent,  of  the  dead  load  stress  shall  be  considered  ss 
effective  in  counteracting  the  live  load  stress. 

zo.  Axial  and  Bending  Stresses  Combined. — Members  subject  to  both 
axial  and  bending  stresses  shall  be  inroportioned  so  that  the  combined  fiber 
stresses  will  not  exceed  the  allowed  axial  stress. 

IX.  Lateral  and  Other  Stresses  Combined. — For  stresses  produced  by 
lateral  or  wind  forces  combined  with  those  from  live  and  dead  load  forces, 
the  unit  stress  may  be  increased  30  per  cent,  over  those  given  above;  but 
the  section  shall  not  be  less  than  required  if  the  lateral  or  wind  forces  be 
neglected. 
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12.  Tension  Members. — Net  sections  must  be  used  in  all  cases  in  calcula- 
ting tension  members,  deducting  the  area  of  rivet  holes  one-eighth  inch 
(H^O  in  diameter  larger  than  the  nominal  size  of  rivet.  The  net  sections 
at  pin  holes  shall  be  twenty-five  per  cent.  (25  %)  in  excess  of  the  net  section 
through  the  body  of  the  main  member.  The  net  section  back  of  the  pin 
hole,  parallel  to  the  axis  of  the  member  shall  be  not  less  than  that  through 
the  body  of  the  main  member.  Main  tension  members  shall  be  composed 
of  sections  symmetrically  placed  about  the  central  plane  through  the  truss. 

X3>  Limiting  Length  of  Compression  Members. — The  length  of  main 
compression  members  shall  not  exceed  125  times  their  least  radius  of 
gyration. 

.  14*  Pronortioiiing  Plate  Girders. — Plate  girders  shall  be  (proportioned 
either  by  tne  moment  of  inertia  of  their  net  section  or  bv  assuming  that  the 
flanges  are  concentrated  at  their  centers  of  gravity;  in  which  case  one-eighth 
of  the  gross  section  of  the  web,  if  properly  spliced,  may  be  used  as  flange  area. 

X5*  Compression  Flange. — The  gross  section  of  the  compression  flanges 
of  plate  girders  shall  not  be  less  than  the  gross  section  of  the  tension  flange 
and  the  unsupported  length  of  the  compression  flange  shall  not  be  greater 
than  15  times  its  width. 

16.  Depth  Ratios. — Trusses  shall  preferably  have  a  depth  of  not  less  than 
one-tenth  of  the  span  and  plate  girders  a  depth  of  not  less  than  one-twelf  th 
of  the  span.  If  shallower  trusses  or  girders  are  used,  the  section  shall  be 
increased  so  that  the  maximum  deflection  will  not  be  greater  than  if  the 
above  limiting  ratios  had  not  been^exceeded. 

DBTAILS  OF  DBSIGN 

General~Requirement8 

17*  Open  Section  and  Water  Pockets. — Structures  shall  be  so  designed 
that  all  parts  will  be  accessible  for  inspection,  cleaning  and  painting.  Any 
pockets  or  depression  likely  to  hold  water  shall  be  provided  with  drains 
or  be  filled  with  water-proof  material. 

18.  Symmetrical  Sections. — Unsymmetrical  sections,  such  as  top  chords 
and  end  posts  composed  of  two  rolled  or  built  up  channels  and  a  cover 
plate,  shall  be  proportioned  to  bring  the  center  of  gravity  as  near  as  pos- 
sible to  the  center  of  the  web. 

The  neutral  axis  of  the  main  members  around  the  joints  shall  intersect 
at  a  common  point. 

19*  Slices. — All  joints  in  riveted  work,  whether  the  stress  be  tension  or 
compression,  shall  be  spliced  to  develop  the  full  stress  in  the  members. 

20.  Minimum  Thickness. — No  material  shall  be  used  less  than  one-<iuarter 
inch  (K'O  in  thickness  except  for  lining  or  filling  vacant  spaces  and  in  webs 
of  rolled  channels. 

^21.  Pitch  of  Rivets. — The  minimum  pitch  shall  be  not  less  than  three 
diameters  of  the  rivet  and  i>erferably  not  less  than  the  following: 

For  fi  in.  rivets,  minimum  pitch — 3  in. 
"    H  *•        "  "  "     — 2Hin. 

••    >|  "       ••  •*  *•     — 2Hin. 

••  y^   *'      "  ••  "    —iH  in. 

The  pitch  of  rivets  in  the  direction  of  the  strain  shall  not  exceed  six  inches 
(6'0  or  sixteen  times  the  thinnest  outside  plate.  For  angles  with  two  gage 
lines  and  rivets  staggered  the  maximum  shall  be  9  inches  in  each  line. 

22.  Edge  Distance. — The  minimum  distance  from  the  center  of  any 
rivet  hole  to  a  sheared  edge  shall  be: 


I H  in.  for  li  in.  rivets. 


I      "       H  "     " 

For  rolled  edges,  except  flanges  of  I-beams  and  channels: 
iK  in.  lor  ti  in.  rivets. 
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maximum  distance  from  any  edge  shall  be  eight  times  the  thickness 
of  the  outside  plate,  but  shall  not  exceed  five  inches  Ts")* 

23.  Compression  Members. — In  compression  members  the  metal  shall  be 
concentrated  as  much  as  possible  in  the  webs  and  flanges.  Cover  plates  shall 
have  a  thickness  of  not  less  than  one-fortieth  of  the  distance  between  rivet 
lines. 


8i6  SPECIFICATIONS 

34.  Tie  PUtes. — The  open  sides  of  compression  members  shall  be  latticed 
and  shall  have  tie  plates  at  the  ends  and  at  intermediate  points  where 
the  lattice  is  interrupted.  These  plates  shall  have  a  length  equal  to  the  width 
of  the  main  members  on  the  connected  side  and  a  thickness  not  less  than  one- 
fiftieth  (Ho)  of  .the  distance  between  the  rivets  connecting  them  to  the 
member.     The  minimum  thickness  shall  be  one-fourth  inch  (^'0* 

25*  Lattice  Bars. — The  minimum  width  of  lattice  bars  shall  be  as  follows. 

aVi  inches  for  ]^i"  rivets. 

i}i      "        •'   H"     " 

Single  lattice  bars  shall  have  an  inclination  of  approximately  60  degrees 
with  the  axis  of  the  main  member  and  shall  have  a  minimum  thickness  of 
one-fortieth  (>io)  of  the  distance  between  rivets  connecting  them  to  the 
member.  When  the  distance  between  rivet  lines  exceeds  fifteen  inches  (i  5') 
double  lattice  bars  with  an  inclination  of  approximately  45  degrees  shall  be 
used.  The  minimum  thickness  shall  be  one-sixtieth  (Ho)  ot  the  distance 
between  the  rivets  connecting  them  to  the  member  and  they  shall  be  riveted 
at  the  intersections. 

a  6.  Pin  Plates. — All  pin  holes  shall  be  reinforced  by  plates  if  necessanr 
These  reinforcing  plates  shall  contain  sufficient  rivets  to  transfer  the  propor- 
tion of  pressure  which  comes  upon  them  and  at  least  one  plate  on  each  side 
of  the  member  shall  extend  not  less  than  six  inches  (6")  beyond  the  tie  plate. 

37.  IHns. — Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  parts 
connected  upon  the  turned  body  of  the  pin.  They  shall  be  secured  \yyr  cham- 
bered nuts.  The  screw  ends  shall  be  long  enough  to  admit  of  burring  the 
threads. 

a  8.  Kn  PacUng. — Members  shall  be  symmetrically  packed  on  pins  using 
filler  rings  if  necessary  to  prevent  any  lateral  movement. 

29.  Provision  for  Temperatore  Changes. — Provision  for  the  free  expan- 
sion and  contraction  to  the  extent  c^  one-eighth  of  an  inch  for  each  10  ft.  of 
lensth  shall  be  made  for  all  bridges.  Spans  of  65  feet  and  less  shall  have  one 
end  free  to  move  on  planed  surfaces.  Above  these  leng^th,  all  steel  bridges 
shall  be  provided  with  rocker  shoes  of  approved  design. 

30.  Shoes,  Bed  Plates  and  Anchor  Bolts.— Spans  over  6s  feet  in  length 
shall  have  pin  bearing  shoes.  Details  of  shoes  shall  conform  to  the  standard 
details  shown  on  plans  of  the  Commission. 

Cast  bed  plates  shall  be  planed  on  top,  the  cut  of  the  tool  paralleling  the 
direction  of  expansion.     All  bed  plates  shall  be  grouted  true  to  position. 

The  setting  of  all  anchor  bolts  for  the  steel  work  shall  be  included  as  part 
of  the  contract  for  the  sui)erstructure.  Unless  otherwise  specified,  the 
bolts  shall  have  a  minimum  diameter  of  one  and  one-fourth  inches  (i^'O 
and  shall  extend  eighteen  inches  (18")  into  the  masonry  and  be  set  in  ueat 
Portland  cement  mortar. 

31.  Field  Connections. — The  field  connections  of  spans  under  70  feet  in 
length  may  be  bolted  or  riveted  at  the  discretion  of  the  engineer.  If  field 
connections  for  spans  of  this  length  are  to  be  riveted,  this  fact  must  be  speci- 
fically stated  in  the  Instructions  to  Bidders  or  Form  of  Tender.  The  holes 
in  floorbeam  connections  and  joist  connections  (where  the  joist  connects 
directly  to  the  web  of  the  floorbeams)  must,  if  bolted,  be  sub^punched  and 
reamed  to  iron  templates  and  the  open  holes  in  the  main  splices  of  truoses 
must  be  sub-punched  and  reamed  to  sise  at  the  shop  while  the  trusses  an 
assembled.  The  bolts  used  shall  have  hex  heads  ana  hex  nuts  and  K  inch 
washers,  and  must  fit  the  holes  tightly.  The  bolts  shall  be  threaded  to 
such  a  lecyprth  that  the  thread  will  end  inside  the  wa^er  and  not  extend 
into  the  effective  grip  of  the  bolt.  The  use  of  square-headed  or  button- 
headed  bolts,  or  souare-nuts  will  not  be  allowed. 

All  field  connections  of  all  spans  70  feet  or  more  in  length  erected  on  per- 
manent abutments  shall  be  nveted  except  handrail  connections  as  noted 
below.    Handrail  connections  shall  in  all  cases  be  bolted. 

Floor  Systems 

32.  Floor  Beams. — Floor  beams  shall  be  arranged  perpendicularly  to  the 
girder  or  truss  at  the  panel  points  and  in  through  bridges,  shall  be  riveted 
to  the  verticals.  Rolled  shapes  such  as  floor  beams  and  joists  shall  be  tito> 
portioned  by  their  moments  of  inertia. 
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33*  Joists. — Steel  joists  shall  preferably  be  riveted  to  the  webs  of  floor 
beams.  Rolled  beams  used  as  joists  shall  be  spaced  not  to  exceed  a'  d" 
centers  under  wood  floors. 

34.  Beam  Bridges. — Rolled  shapes  for  beam  bridges  shall  be  spaced  and 
proportioned  as  previously  specified.  The  separate  Bnes  shall  be  neld  truly 
to  position  by  struts  or  spreaders.  The  two  outside  lines  at  least  shall  be 
rigidly  connected  by  angle  or  channel  struts  at  intervals  of  about  8  feet. 

NOTB. — In  all  concrete  floor  construction  over  steel  shapes,  plates  or  cor- 
rugated arches  shall  not  be  used  over  or  between  the  joists  or  Ixams. 

Bracing 

35-  Rigid  Brsci]|g.-<^A11  lateral,  longitudinal  and  transverse  bracing 
shall  be  composed  qi  rigid  members. 

36.  Through  Truss  Spans.—Through  truss  spans  shall  have  riveted 
portals  rigidly  connected  to  the  top  chord  and  end  posts.  They  shall  be  as 
deep  as  the  clearance  will  allow. 

'Transverse  struts  shall  be  provided  at  all  intermediate  posts. 

The  struts  in  the  top  lateral  system  shall  be  as  deep  as  the  chord  section 
and  shall  be  riveted  to  each  flange  of  the  top  chora.  The  section  shall 
preferably  be  of  four  angles  connected  by  latticing. 

37.  .Pony  Trusses. — The  top  chord  of  pony  trusses  shall  be  securely  held 
to  position  at  the  panel  points  by  gusset  plates,  knee  braces  or  wide-webbed, 
vertical  posts  rigidly  connected  to  the  floor  beams. 

38.  Deck  Truss.—- Deck  truss  spans  shall  be  provided  with  sway  bearing  at 
each  panel  point,  sufiicient  to  resist  all  lateral  stresses.  Such  braces  to  have 
riveted  connection  with  the  main  members. 

39*  Steel  Trestles. — Bach  trestle  bent  shall  be  composed  of  two  columns 
braced  together.  The  majority  c^  bents  shall  be  umted  in  pairs  forming 
a  tower  which  shall  be  rigidly  braced  on  the  four  sides  and  shall  have  longi- 
tudinal and  transverse  struts  at  the  bases. 

Plate  Girders 

40.  Top  Flange  — Through  plate  girders  shall  preferably  have  their  upper 
comers  neatly  rounded  ana  if  flange  plates  are  used  one  plate  of  the  upper 
flange  shall  extend  over  the  comers  to  the  bottom  of  the  girder. 

41.  Web  Splices. — The  web  plates  of  girders  shall  be  spliced  at  all  joints 
by  a  plate  on  each  side,  capable  of  transmitting  the  full  stress  through  splice 
rivets.    At  least  two  rows  of  rivets  on  each  side  of  splice  must  be  used. 

42.^  Stiffener  Anises. — Stiffener  angles  shall  be  placed  at  points  of  bearing, 
at  points  of  concentrated  loading  and  at  points  required  by  the  formula: 

d  —  — (ia,ooo  —  s) 
40 

Where  d  ■>  the  clear  distance  between  stiff eners  or  flange  angles;  t  «  the 
thickness  of  web;  s  ■■  the  shear  per  square  inch  on  the  web. 

The  stiffeners  at  ends  and  at  points  of  concentrated  loads  shall  be  deter- 
niined  by  the  formula: 

p  ••  16,000  —  70- 

In  which  p  «  the  allowable  unit  stress;  L  >"  H  the  depth  of  the  girder  in 
inches;  r  *  the  radius  of  gyration  of  angles  neglecting  fillers  and  web. 

Trusses 

43.  Working  Lines. — ^In  general  the  following  working  lines  shall  be  used: 
For  channels  with  cover  plates  used  for  top  chords  and  end  posts,  working 

lines  shall  be  taken  as  near  as  practicable  to  the  center  of  gravitY  of  the 
section.  For  two  angle  chord  and  diagonal  sections  the  wondng  line  may 
be  taken  as  gage  line  nearest  the  back  of  the  angle.  ^Por  symmetrical  sec- 
tions the  working  line  shall  be  taken  at  center  of  gravity  of  the  section. 

44.  Camber.— All  truss  spans  shall  be  given  a  proper  camber  by  increasing 
the  length  of  the  top  chords.  For  spans  carrying  woo<!^  floors,  an  increase  of 
one-eighth  inch  (H  )  for  each  ten  feet  of  length  and  for  spans  carrying  con- 
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Crete  floors,  an  increase  ofltl^ree-sixteenths  inches  (Mo'O  for  each,  ten  feet 
of  length  shall  be  used. 

45.  Rigid  Members. — Hip  verticals  and  the  two  end  panels  of  the  bot* 
torn  chord  in  pin  connected  trusses  shall  be  rigid  members. 

46.  Eye-Bars. — Eye-bars  shall  be  placed  as  nearly  parallel  to  the  central 
plane  of  the  truss  as  possible,  the  maximum  inclination  of  any  bar  being  one 
inch  (i")  in  sixteen  feet.  Adjustable  eye-bars  used  as  counters  shalloave 
the  screw  ends  upset. 

Workmanship 

47.  Punching. — All  rivet  work  must  be  punched  accurately  with  holes 
one-sixteenth  inch  (He")  larger  than  the  size  of  rivet  used  and  when  the 
pieces  forming  one  member  are  put  together,  the  holes  must  be  truly  oppo- 
site. No  drifting  to  distort  metal  will  be  allowed.  If  necessary  to  admit  the 
rivets,  the  holes  shall  be  enlarged  by  reaming. 

48.  Rivets. — Rivet  heads  must  be  of  approved  hemispherical  shape  and  of 
uniform  size  for  the  same  size  of  rivet  throughout  the  work.  They  must  be 
full,  neatly  finished  and  concentric  wi  h  the  rivet  hole.  All  rivets  shall 
preferably  be  machine  driven  by  direct  acting  machines. 

49.  Eye-Bars. — The  heads  of  eye-bars  shall  be  not  less  in  strength  than 
the  body  of  the  bar  and  shall  be  of  an  approved  make.  The  head  shall  be 
made  by  upsetting,  rolling  or  forging  into  shape.  Welding  in  the  body  <rf 
the  bar  shall  not  be  allowed  . 

50.  Boring  Eye-Bars. — Bye-bars  which  are  to  be  placed  side  by  side  in  the 
structure  shall  be  bored  at  the  same  temperature  and  at  one  c»peration. 
They  shall  be  of  such  equal  length  that  upon  being  piled,  the  pins  shall 
pass  through  the  holes  at  both  ends  simultaneously  without  driving. 

51.  Annealing. — All  eye-bars  must  be  annealed. 

52.  Play  in  Pin  Holes. — The  clearance  between  any  pin  and  pin  hole  ^lall 
be  H  0  of  an  inch  up  to  four  inches  (^'0  in  diameter  and  for  pins  above  four 
inches  (4")  not  more  than  Ha  of  an  inch. 

53.  Pins. — Pins  shall  be  accurately  turned  to  gages  and  shall  be  straight 
and  smooth  and  entirely  free  from  flaws. 

54.  Driving  and  Pilot  Nuts. — All  pins  shall  be  supplied  with  steel  driving 
and  pilot  nuts  for  use  during  erection. 

Structural  Material 

55.  Grades  of  Material. — Tlie  superstructure  shall  be  fabricated  from 
the  following  materials: 

Rivet  steel,  structural  steel,  cast  iron,  or  cast  steel. 

56.  Manufacture. — All  steel  and  steel  castings  shall  conform  in  detail 
to  the  standard  specifications  of  the  American  Society  for  Testing  Materials, 
for  Strucutral  Steel  for  Bridges,  adopted  August  16,  1909. 

57.  Structural  Steel. — Structural  steel  shall  be  used  in  all  parts  :>t  the 
structure  except  for  rivets,  shoes,  rockers  or  pedestals. 

58.  Rivet  SteeL — All  rivets  shall  be  made  of  rivet  steel. 

59.  Cast  Steel  and  Cast  Iron. — Shoes,  rockers  and  pedestals  shall  be 
made  of  either  cast  steel  or  cast  iron.  If  of  cast  iron,  test  bars  one  indi 
square,  loaded  in  middle  between  supports  of  twelve  inches  (i2'0  apart  shall 
besLr  2500  pounds  or  over  and  deflect  0.15  of  an  inch  before  rupture. 

60.  Name  Plate. — A  suitable  name  plate  inscribed  as  directed  by  the 
engineer  shall  be  provided  and  securely  attached. 

61.  Hand  Rail.--A  steel  hand  rail  of  the  design  shown  on  the  plans  shall 
be  provided  and  accurately  lined  to  position.  If  material  other  than  steel 
is  desired,  the  plans  shall  show  the  material  and  construction  in  detail. 

62.  Shop  Drawings. — The  contractor  s  all  furnish  the  engineer  two  sets 
of  shop  drawings.  TThese  drawings  shall  in  general  be  checked  by  the  Com* 
mission,  and  three  corrected  sets  of  shop  drawings  shall  be  furnished  the 
engineer,  one  set  for  his  use,  one  set  to  be  forwarded  to  the  Commission,  and 
one  set  to  be  filed  as  a  part  of  the  contract  with  the  county  auditor. 

Test  and  Inspection 

63.  Tests  and  Inspection. — The  purchaser  under  these  specifications  shall 
be  furnished  by  the  manufacturer  with  every  facility  for  complete  inspection 
and  test  and  shall  on  request  be  supplied  with  copies  of  the  full  ordets, 
shipping  invoices  and  weights. 
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SPECIFICATIONS  FOR  PAIKT 

64.  Metal  Must  be  Clean  Before  Shop  Coat  is  Put  On. — One  shop  or 
prime  coat  and  one  field  coat  of  paint  shall  be  applied  in  conformity  with 
the  following  requirements. 

All  metal  work  (including  railings)  shall  be  cleaned  frotn  all  rust,  scale, 
dirt  or  grease  before  the  shop  coat  of  paint  is  ajpplied.  If  rust,  which  in 
the  opimon  of  the  inspector  can  not  be  removed  is  found  on  any  piece,  that 
piece  shall  be  rejected.  All  parts  which  come  in  contact  shall  be  painted 
before  they  are  riveted  together.  After  assembUng  and  riveting,  the  metal 
work  thoroughly  clean  and  dry,  and  before  leaving  the  shop,  shall  be 
painted  carefully  with  one  coat  of  one  of  the  hereinafter  si>ecified  prime 
coat  paints.  Parts  not  ^  accessible  after  erection  shall  be  painted  two 
coats.  While  metal  work  is  being  erected  in  place  all  abrasions  of  the  original 
paint  and  all  rivet  and  bolt  heads  and  location  marks  must  be  cleaned  and 
painted,  preparatoi^  to  the  second  coat. 

65-  Protecting  Machined  Surfaces. — Machined  surfaces  shall  be  coated 
with  white  lead  and  tallow  before  shipment  or  before  being  placed  in  the  open. 

66.  Paint  for  Shop  Coat. — The  pigment  of  the  paint  to  be  used  as  the  shop 
or  prime  qoat  shall  be  one  of  the  following  according  to  the  final  tint  or  color 
required  by  the  engineer: 

1.  Pure  Red  Lead. 

2.  Pure  Sublimed  Blue  Lead. 

3.  Pure  Sublimated  Sulfate  of  Lead. 

4.  Basic  Lead  or  Zinc  Chromate. 

5.  Pure  Iron  Oxide  mixed  with  not  less  than  xo%  Basic  Lead  or  Zinc 

Chromate. 

6.  Pure  Natural  Graphite  mixed  with  not  less  than  20  %  Basic  Lead  or 

Zinc  Chromate. 

The  word  "pure"  in  the  above  shall  be  interpreted  as  meaning  without 
the  addition  of  any  substances  foreign  to  the  various  pigments  such  as 
silica,  silicates,  and  other  inert  materisus  or  impurities. 

No  shop  painting  shall  be  done  m  wet  or  freezing  weather  unless  such 
painting  is  done  under  cover  where  the  conditions  are  such  that  no  moisture 
will  condense  on  the  surface  of  the  steel  and  where  the  temperature  of  the 
atmosphere  will  be  above  45  degrees  for  at  least  10  hours  per  day. 

67 .  One  Coat  of  JPield  Paint  After  Erection. — ^Af ter  the  structure  is  com- 
plete in  place,  touched  up  as  described  above  and  cleaned  of  dirt,  grease,  or 
oil  that  m^  have  accumulated  during  erection,  one  coat  of  one  of  the  herein- 
after specified  field  coat  paints  shall  be  applied  to  all  accessible  parts. 

No  field  painting  shall  be  done  in  wet  weather  or  when  the  temperature 
of  the  atmosphere  is  not  above  4s  degrees  P.  for  at  least  10  hours  per  day. 

68.  Paints  for  Field  Coat. — The  paints  for  field  coats  shall  contain  any  of 
the  following  pigments: 

1.  Red  Lead. 

2.  Sublimed  Blue  Lead. 

3.  Sublimed  Sulfate  of  Lead. 

4.  Iron  Oxide. 

5.  Pure  Graphite  (natural). 

6.  Pure  Carbon. 

Pigments  other  than  graphite  or  carbon  may  contain  not  more  than  35  % 
of  inert  material  such  as  silica,  china  clay,  or  asbestine. 

Lampblack,  Prussian  Blue  and  Ch  rome  Yellow  shall,  be  used  for  obtaining 
thepropjer  tints. 

The  xrigment  of  graiAite  or  carbon  paints  shall  not  contain  less  than  70% 
total  graphitic  carbon  or  carbon. 

No  paint  pigment  shall  contain  more  than  5  %  of  either  Calcium  Carbon- 
ate or  Calcium  Sulfate. 

No  red  lead  paint  shall  be  used  as  a  field  coat  without  the  addition  of 
some  tinting  pigment  in  sufficient  quantity  to  eliminate  the  fading  effect  of 
a  straight  rea  lead  paint. 

69.  Paint  Vehicle. — The  paint  vehicle  in  every  case  shall  be  pure  boiled 
linseed  oil  or  China  wood  oil  with  the  necessary  amount  of  japan  dryer  to 
produce  a  good  drying  coefficient  and  shall  in  no  case  contain  moisture  to 
exceed  0.5%.  The  amount  of  volatile  vehicle  shall  not  exceed  zo%  of  the 
vehicle. 

A  paint  containing  coal  tar  or  asphaltic  products  shall  not  be  used. 
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70.  Pereentace  of  Pigment  i&  Shop  Coat— The  percentage  of  pigment  is 
the  different  shop  or  prime  coat  paints  shall  approximate  the  folloiving: 

Red  Lead  Paints — not  less  than  65  %. 

Sublimed  Blue  Lead  Paints — not  less  than  60%. 

Sublimed  Lead  Sulfate — not  less  than  60  %. 

Basic  Lead  and  Zinc  Chromate  Paint — not  less  than  60%. 

Iron  Oxide  Paints — not  less  than  55%. 

Graphite  Paints — not  less  than  35  %. 

71.  Percentue  of  Pigment  in  Field  Coat — The  percentage  of  pigments 
in  the  various  field  coat  paints  shall  approximate  the  following: 

Red  Lead  Paints — not  less  than  55  %. 

Sublimed  Blue  Lead  Paints — not  less  than  50%. 

Sublimed  Lead  Sulfate  Paints — not  less  than  55  %. 

Iron  Oxide — not  less  than  50%. 

Pure  Graphite — not  less  than  25  %. 

Pure  Carbon — not  less  than  25  %. 

The  Red  Lead  of  any  pigment  shall  not  contain  more  than  10  %  of  Lith- 
arge (PbO)  nor  more  than  z.o%  of  materials  other  than  Oxide  or  Carbonate 
of  Lead. 

The  Sublimed  Blue  Lead  of  any  pigment  shall  be  a  mixture  of  Lead  Sulfate. 
Sulfite  and  Sulfid  and  Lead  Oxide  and  Zinc  Oxide  and  shall  contain  not  less 
than  30  %  of  uncombined  Lead  Oxide  (PbO). 

The  Sublimed  Lead  Sulfate  of  any  pigment  shall  be  a  mixture  of  Lead 
Sulfate,  Basic  Lead  Carbonate,  or  Lead  Oxide  and  Zinc  Oxide  and  shall  not 
contain  less  than  15  %  of  uncombined  Lead  Oxide  (PbO)  or  the  equivalent 
of  Basic  Lead  Carbonate. 

72.  Sam^es  for  Testing. — Before  ordering  the  paint,  a  sample  of  at  least 
one  quart  shall  be  furnished  the  engineer,  which  sample,  if  approved,  wiQ 
be  used  in  determining  the  merits  of  the  paint  fumi^ed  on  the  work.  AH 
paint  used  must  equal  the  sample  in  quality. 

Samples  ci  the  paint  delivered  at  the  shop  and  in  the  field  shall  be  fur- 
nished the  engineer  by  the  contractor.  These  samples  shall  be  tested  at  the 
laboratory  of  the  Iowa  Highway  Commission  before  any  paint  is  applied. 

73-  BCannfacturers'  Guarantee. — The  contractor  should  therefore  secure 
the  necessary  paint  in  ample  time  so  that  no  delay  to  the  work  will  be  caused 
by  the  time  necessarily  used  in  testing  for  which  ten  days  should  be  allowed 
from  the  time  the  sample  is  collected  by  the  inspector. 

In  order  to  facilitate  contracting  and  prevent  the  nece^ry  delays  in  col- 
lecting and  testin^  samples,  the  contractor  may  submit  to  the  His^way 
Commission  a  certificate  of  guarantee  from  the  paint  manufacturer  stating 
that  the  paint  which  said  manufacturer  intends  to  supply  for  a  particular 
job  has  been  tested  and  accepted  by  the  Highway  Commission  and  that  the 
paint  to  be  furnished  is  guaranteed  to  conform  in  every  respect  to  the 
sample  submitted  to  the  Hip:hway  Commission  for  testing.  The  followix« 
form  shall  be  used  by  the  paint  manufacturers: 

74>  Form  of  Guarantee. — 

We  do  hereby  represent  and  guarantee  that  the 

paint  which  we  have  furnished 

for  painting or  other  steel 

structures  conforms  in  every  respect  to  the  sample  submitted  to  the  lows 
State  Highway  Commission  for  the  purpose  of  testing  and  accepted  hj 

them  under  Laboratory  No 

(Signed) 

NoTB.-— The  attention  of  manufacturers  is  directed  to  the  requirements  d 
Chapters  iiA  and  iiB,  Title  12,  Supplement  to  the  Code,  1913,  relative 
to  the  manufacture  and  sale  of  paint  and  linseed  oil. 

Floors 

75.  Floors. — The  floors  shall  be  included  as  a  part  of  the  contract  price 
of  the  superstructure. 

76.  Timbw  Floors. — Timber  floors  shall  consist  of  one  thickness  of  three 
inch  is")  northern  fir,  yeUow  pine  or  white  oak  laid  at  right  angles  to  the 
length  oi  the  bridge.  The  timber  used  shall  be  sawed  true,  of  even  thicknes 
and  free  from  all  defects  impairing  its  strength  or  durability.  Connections, 
wheel  guards  and  nailing  places  shall  be  as  ^own  on  the  detailed  plans. 

77.  Concrete  Flowa.-^oncreU  floors  shall  be  built  of  Class  "  C*  concrete. 
The  thickness  of  concrete,  sizes  and  placing  of  reinforcing  steel  shall  conform 
to  the  detailed  drawings.  No  concrete  uiall  be  run  until  the  reinforcing 
steel  has  been  placed,  spaced  and  secured  in  i>o8ition. 
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78.  Wearini;  Surface. — ^All  concrete  floors  not  covered  with  a  bituminous 
surface  shall  be  finished  with  a  one-half  inch  04")  wearing  surface  of  i  to  i 
mortar.  Immediately  after  the  concrete  floor  has  been  poured  to  the  re- 
quired thickness  and  before  the  concrete  has  reached  its  imtial  set  the  entise 
top  surface  of  the  floor  shall  be  covered  with  a  i  to  i  wearing  surface  of  sand 
and  cement.  This  mortar  coat  shall  be  rubbed  in  and  finished  with  a 
heavy  wood  float  in  such  a  manner  as  to  provide  a  smooth,  even -wearing 
surface. 

79.  Bxpansion  Joints.— Concreting  over  each  span  shall  be  completed  in  a 
continuous  operation.  Expansion  shall  be  provided  between  spans,  and 
under  each  end  of  floors,  resting  on  the  abutments.  These  joints  shall  be 
filled  with  tar  or  asphalt  or  tarred  paper  as  shown  on  the  drawings. 

80.  Protectiiig  Ezpuision  Joints. — At  expansion  ioints  the  edges  of  the 
concrete  shall  be  protected  J^y  steel  plates  approved  by  the  engineer  and  the 
joints  shall  be  filled  with  an  asphaltic  felt. 

The  centering  under  the  steel  trusses  shall  be  lowered  and  the  trusses 
swung  free  on  their  own  bearing  before  the  concrete  is  run  for  the  floor. 

On  long  spans  unless  provision  is  made  for  reversal  of  stresses  in  the  trusses, 
concreting  of  the  floors  shall  be  carried  on  from  each  end  simultaneously. 

8x.  Protection  During  Curhig. — The  exposed  surfaces  of  all  concrete 
placed  in  floors  shall  be  protected  from  the  direct  rays  of  the  sun  by  canvas, 
or  other  method  of  covering  approved  by  the  engineer.  All  concrete  shall 
be  kept  moist  for  a  minimum  of  one  week.  Adequate  water  supply  shall  be 
provided  bv  the  contractor,  and  the  curing  of  the  conrecte  shall  be  carried 
on  in  detail  as  directed  by  the  engineer. 

82.  Bitominotts  Floor  Coating. — A  tar  or  asphalt  of  quality  acceptable  to 
the  engineer  and  Commission  shall  be  applied  hot  to  the  concrete  at  the 
rate  of  one-third  gallon  per  square  yard.  Over  this  coating  while  hot  shall 
be  sifted,  hot,  clean,  dry  sand,  screened  through  a  H-inch  mesh.  The 
sand  shall  be  placed  in  excess  and  rolled  with  a  hand  roller.  All  joints 
and  comers  ^lall  be  thoroughly  filled  with  the  asphalt  or  tar. 

The  county  reserves  the  right  to  specify  the  tar  or  asi>halt  to  be  used,  and 
the  method  of  application  and  temperatures  shall  be  in  strict  accordance 
with  the  written  directions  furnished  the  contractor  by  the  engineer.  All 
concrete  surfaces  to  be  covered  with  the  bituminous  coating  shall  be  cleaned 
with  steel  brooms  and  blown  free  of  all  loose  particles  of  any  character. 

If  such  coatingis  desired,  it  shall  be  specified  in  the  instruction  to  bidders. 

83*  Drainage  Pipes.-— On  all  truss  s^ans  provision  for  floor  drainage  shall 
be  made  by  providing  and  placing  4-mch  cast  iron  drain  pipes  with  per- 
forated cast  iron  covers.  On  pony  truss  spans  without  joists  one  drain 
pipe  shall  be  located  in  each  end  panel  and  m  each  alternate  intermediate 
panel  on  both  sides  of  the  bridge.  On  truss  spans  with  joists  one  drain 
pipe  shall  be  located  in  each  panel  on  both  sides  of  the  bridge.  ^ 

84.  Reinforcement  Steel. — All  reinforcement  steel  used  in  concrete 
floors  shall  meet  the  requirements  of  Section  3f  Paragraph  29. 

85.  Sidewalks. — Sidewalks  where  built  shall  conform  to  the  requirements 
of  the  incorporation  in  which  they  are  built.  Dimensions  and  details  shall 
be  shown  on  theplans. 

86.  Creosote  wood  Floors. — Creosote  wood  block  floors  may  be  laid  over  a 
creosote  sub-plank  or  concrete  base,  but  in  either  case  all  creosoted  material 
used  shall  conform  to  the  following  requirements: 

Timber 

87.  Creosoted  Material. — All  timber  used  in  wood  block  bridge  floor 
construction  shall  be  creosoted.  This  includes  sub-plank,  sheathing,  re- 
tainingpieces,  scupper  blocks,  felloe  gvLards,  spiking  pieces  and  paving  blocks. 

88.  Quall^. — The  paving  blocks  shall  be  cut  from  Dense  Southern  Yellow 
Pine  conforming  to  the  density  rules  as  adopted  by  the  American  Society  for 
Testing  Materials,  August,  19x5* 

The  lumber  shall  be  cut  from  Southern  Yellow  Pine  of  the  same  quality 
as  specified  above  for  the  paving  blocks,  or  from  Douglas  Fir, 

Ine  material  for  the  lumber  and  blocks  shall  be  well  manufactured,, 
square-edged,  and  free  from  bark,  shakes,  large,  loose  or  rotten  knots,  or 
otiier  defects  which  may  be  detrimental  to  its  strength  or  durability. 

89.  Dimensions. — The  lumber  shall  be  of  the  standard  commercial 
dimensions  corresponding  to  the  nominal  dimensions  shown  on  the  plans  or 
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noted  in  these  specifications.     Felloe  guards,  scupper  blocks,  and  retaining 
pieces  shall  be  surfaced  one  side  and  one  edge. 

The  paving  blocks  shall  have  a  minimum  length  of  6  inches  and  a  nuud- 
xnum  length  of  lo  inches.  They  shall  be  4  inches  wide  and  3  inches  deep. 
ftirfaced  one  side  and  one  edge,  and  shall  not  vary  in  width  noore  than.  }i 
inch  or  in  thickness  more  than  He  inch.  ^ 
^  Wherever  possible  all  material  including  scupper  blocks  shall  be  cut  to 
size  before  being  treated.  The  ends  of  all  material  sawed  in  the  field  shall 
be  dipped  in  hot  creosote  oil  before  being  put  in  place. 

Treatment 

90.  Treatment  of  Lumber  and  Blocks. — The  timber  shall  be  placed  in  an 
air-tight  cylinder  where,  by  means  of  steam  and  a  vacuum  pump,  the  sap 
will  be  vaporized  and  the  moisture  removed.  During  the  process  of  steam- 
ing which  shall  last  at  least  three  hours,  a  vent  shall  be  kept  open  in  the 
cyUnder  to  permit  the  escape  of  water,  air  and  condensed  steam  from  the 
cylinder,  ^ter  the  heating  or  steaming  period,  the  drain  or  vent  in  the 
bottom  of  the  cylinder  shalT  be  opened  and  all  moisture  removed  from  the 
cylinder.  During  the  vacuum  period  the  temperature  in  the  cylinder  must 
be  above  the  boiling  point  of  water  under  existing  vacuum.  When  the 
cylinder  is  thoroughly  drained  a  vacuum  of  not  less  than  twenty  inches  of 
mercury  shall  be  maintained. 

When  the  timber  is  thoroughly  dry  the  cylinder  shall  be  filled  with  oil 
following  a  vacuum  of  not  less  than  twenty  inches  of  mercury  and  pressure 
shall  then  be  applied  and  increased  gradually  to  not  more  than  two  hun- 
dred (200)  pounds  per  sqiuare  inch  and  maintained  until  sufficient  oil  is 
forced  into  the  timber  to  insure  that  it  is  tiioroughly  impregnated  and  that 
the  amount  retained  per  cubic  foot  of  timber  shall  be  not  leas  than  16  pounds 
for  the  paving  blocks  and  not  less  than  i2  pounds  for  the  dimension  lumber. 

The  pressure  period  on  the  oil  shall  be  continuous  and  of  a  duration  of 
not  less  than  three  (3)  hours.  After  the  surrounding  oil  has  been  removed, 
the  timber  shall  remain  in  the  closed  cylinder  for  a  period  of  thirty  (30) 
minutes  to  allow  the  excess  oil  on  the  surface  of  the  timber  to  drain  off. 
The  oil  thus  drained  off  shall  be  forced  back  into  the  treating  tank  in  order 
to  determine  the  amount  of  impregnation. 

The  temperature  of  the  oil  aiter  entering  the  cylinder  shall  be  not  lower 
than  one  hundred  and  sixty-five  decrees  Fahrenheit.  The  cylinder  shall 
be  provided  with  sufficient  steam  coils  to  fully  maintain  this  temperature 
throughout  injection. 

The  oil  tanks  and  cylinder  in  which  the  timber  is  treated  shall  be  equipped 
with  the  necessary  gauges,  thermometers,  and  drawcocks  in  order  to  f  acihtate 
a  thorough  inspection  of  the  materials  and  treatments. 

The  plant  shall  be  provided  with  proper  means  for  obtaining  the  absolute 
measurement  and  weight  of  all  oils  entering  the  cylinder  and  the  amount 
of  oil  retained  by  the  timber. 

91.  Notification  of  Treatment— The  creosoting  company  shall  notify 
the  State  Highway  Commission  a  sufficient  length  of  time  before  the  materi^ 
is  to  be  treated  so  that  an  inspector  may  be  furnished  at  the  plant  to  inspect 
the  material  and  check  the  treatment. 

92.  Plant  Inspection  Waived. — Should  the  creosoting  company  be  notified 
in  writing  that  plant  inspection  will  be  waived,  the  creosoting  company  will 
be  required  to  furnish  a  certified  statement,  signed  by  proper  officers  of 
the  companv,  which  statement  shall  indicate  the  amount  of  creosoted  oil 
injected  and  remaining  in  the  timber,  and  the  results  of  analysis  of  the  oil. 
which  analysis  shall  be  made  in  accordance  with  the  methods  described  in 
these  specincations. 

93.  Failure  to  Give  Notice  of  Treatment — Should  the  creosoting  company 
fail  to  notifv  the  State  Highway  Commission  of  the  date  the  material  is 
to  be  treated,  as  heretofore  provided,  then  field  determination  of  the  quantity 
of  creosote  contained  in  the  lumber  or  blocks  may  be  made  in  such  manner 
as  the  Highway  Commission  may  desire,  and  if  in  their  opinion  the  timber 
contains  less  creosote  oil  than  required  by  the  specifications,  it  shall  be 
rejected. 

Creosote  Oil 

94-  General  Character.— The  oil  shall  be  a  distillate  obtained  wholy 
from  coal  tar  without  the  admixture  of  any  other  materiaL 
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The  oil  shall  contain  not  more  than  one  per  cent,  (x  %)  of  matter  insoluble 
in  hot  benzol  or  chlorcrform. 

95.  DisttUinc  Test— The  oil  shall  be  subject  to  a  distilling  test  as  follows: 
The  apparatus  for  distilling  the  creosote  must  consist  of  a  stoppered  glass 

retort  having  a  capacity,  as  nearly  as  can  be  obtained,  of  eight  ounces  up  to 
the  bend  of  the  neck,  when  the  bottom  of  the  retort  and  the  mouth  of  the 
takeoff  are  in  the  same  plane.  The  bulb  of  the  thermometer  shall  be  placed 
one-half  (H)  inch  above  the  liquid  in  the  retort  at  the  beginning  of  the  dis- 
tillatiouj  and  this  position  must  be  maintained  through  the  operation.  The 
condensing  tube  shal.  be  attached  to  the  retort  by  a  tight  cork  joint.  The 
distance  between  the  thermometer  and  the  end  of  the  condensing  tube  shall 
be  twenty-two  (33)  inches,  and  during  the  process  of  the  distillation  the  tube 
may  be  heated  to  i>revent  the  congealing  of  the  distillates.  The  bulb  of  the 
retort  and  at  least  two  (3)  inches  of  the  neck  must  be  covered  with  a  shield 
of  heavy  asbestos  paper  during  the  entire  process  of  distillation,  so  as  to 
prevent  heat  radiation,  and  between  the  bottom  of  the  retort  and  the  flame 
of  the  lamp  or  burner  two  sheets  of  wire  gauze  each  twenty  (ao)  mesh  fine 
and  at  least  six  (6)  inches  square  must  be  placed.  The  flame  must  be  pro- 
tected asainst  air  currents. 

The  distillation  shall  be  continuous  and  uniform,  the  heat  being  applied 
gradualW'.  It  shall  be  at  a  rate  approximately  one  (i)  drop  per  second, 
and  shall  take  from  thirty  (30)  to  forty  (40)  minutes  after  the  first  drop 
of  distillate  passes  into  the  receiving  vessel.  One  hundred  gnrams  of  the  oil 
shall  be  taken  for  distillation.  Tlie  distillates  shall  be  collected  in  weighed 
bottles  and  allpercentages  determined  by  weight  in  comparison  with  dry  oil. 

96.  Oil  for  Paving  Blocks  and  Dimension  Liunber.— The  specific  gravity 
of  the  oil  at  38  degrees  Centigrade  shall  be  not  less  than  1.03  and  not  more 
than  1.08. 

When  subjected  to  the  distilling  test  described  above  the  amount  of  dis- 
tillate shall  not  exceed  llie  following: 

Up  to  aoo  degrees  C,  no  distillate. 

Up  to  310  degrees  C.,  not  to  exceed  5  %. 

Up. to  335  degrees  C.  not  to  exceed  35%. 

The  residue  at  355  degtees  C.  if  it  exceeds  5  %  shall  be  soft.  The  oil  shall 
be  a  pure  distillate  of  cokeK>ven  tar  or  coal-gas  tar  without  the  admixture 
of  any  other  material.  It  shall  be  completely  liciuid  at  38  degrees  C, 
shall  contain  no  suspended  matter  and  shall  contain  not  to  exceed  3%  of 
water. 

Asphalt  FUler 

The  asphalt  used  for  block  fUler  and  expansion  joints  shall  conform  to 
the  following  requirements,  the  various  properties  to  be  determined  by  the 
methods  proposed  by  the  American  Society  for  Testing  Materials. 

97*  Specific  Gravity. — The  asphalt  shall  have  a  specific  gravity  at  35 
degrees  C.  of  not  less  than  0.97  nor  more  than  1.06. 

98.  Total  Bitttmen. — The  asphalt  shall  be  soluble  in  cold  carbon  disulphide 
to  the  extent  of  at  least  98  ^. 

99.  Naphtha  Insoluble  Bitumen. — Of  the  total  bitumen,  not  less  than 
twenty  (30)  per  cent,  nor  more  than  thirty  (30)  per  cent,  shall  be  insoluble 
in  86  degrees  B.  naphtha. 

100.  Loss  on  EyapcratioiL— 7When  30  grams  (in  a  tin  dish  sH  inches  in 
diameter  and  f^  inch  deep  with  vertical  sides)  are  maintained  at  a  tem- 
perature of  163  degrees  C.  for  5  hours  in  a  N.  Y.  testing  laboratory  oven, 
the  evaporation  loss  shall  not  exceed  3  %  and  the  penetration  shall  not  have 
been  d^^reased  more  than  35  %• 

xox.  Fixed  Carbon. — The  fixed  carbon  shall  not  exceed  16  %  by  weight. 

i03:  Penetration. — The  penetration  as  determined  with  the  Dow  machine 
using  a  No.  3  needle,  100  gm.  weight,  5  seconds  time,  and  a  temperature  of 
25  degrees  C.  shall  not  be  less  than  3.0  mm.  nor  more  than  5.0  mm. 

103.  ParaiBne. — The  asphalt  shall  not  contain  to  exceed  4  %  by  weight 
of  paraffine  scale. 

Construction  » 

104.  Spiking  Pieces. — The  spiking  pieces  shall  be  of  the  sizes  shown  on 
the  plans  and  shall  be  securely  bolted  to  the  channels  or  I-beams  as  indicated. 

105.  Snb-planks. — The  sub-planks  shall  be  2"  X  13^'  and  shall  be  laid 
at  right  angles  to  the  roadway  with  tight  joints. 
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Bach  plank  shall  be  securely  double  spiked  to  each  kmgitadiiial  spikiac 
piece. 

106.  Shaatiiinc- — On  top  of  the  sub-plank  i"  sheathing  shall  he  bid 
at  an  angle  of  45  degrees  with  the  axis  of  the  bridge.  It  shall  be  laid  vitli 
tifl^t  joints  and  securely  nailed  to  the  sub-plank. 

107.  Retaiainc  Pieces. — The  side  retaining  pieces  shall  be  ^uked  and 
bolted  in  position  as  shown  on  the  plans.  The  end  retaining  pieces  shall  be 
securely  spiked  in  place. 

108.  Scvpper  Btocks.*— The  scupper  blocks  shall  be  securely  fastened  to 
the  retaining  pieces  by  means  of  qnkes  in  addition  to  the  bolts  shown  on 
the  plans. 

109.  Felloe  Guards. — The  felloe  guards  shall  be  fastened  on  top  of  tbe 
scupper  blocks  by  means  of  H  inch  bolts  at  each  end  of  each  piiece  and  mt 
each  intermediate  scupper  block.  These  bolts  shall  extend  throng  the 
felloe  guard,  scupper  block,  retaining  piece,  as  shown  on  the  plans. 

no.  Washers.— -Standard  size  cast  or  wrous^t  iron  Ogee  waiters  sfasll 
be  used  under  aJl  bolt  heads  or  nuts  which  would  otherwise  come  in  contact 
with  wood. 

III.  Laying  the  Blocks.'--The  blocks  shall  be  thoroughly  sprinkled  the  night 
b^ore  they  are  laid.  None  but  whole  blocks  shall  be  used  exc^t  at  the 
ends  of  the  rows.  After  the  sub-plank,  sheathing,  retaining  pieces,  etc. 
are  in  place  all  irregulanties  in  the  surface  of  the  floor  shall  be  removed. 
The  floor  shall  then  be  covered  with  a  thin  layer  of  asphalt  filler  as  specified 
above  and  the  creosoted  blocks  immediately  laid  thereon  before  the  asphalt 
has  had  time  to  cooL  To  insure  that  the  asphalt  will  be  hot  when  the 
blocks  are  set  it  shall  be  spread  on  the  floor  for  only  a  short  distance  in 
front  of  the  block  laying. 

The  block  shall  be  laid  with  the  grain  vertical  and  in  regular  courses  at 
ri^ht  atwles  to  the  center  line  of  roadway.  They  shall  be  laid  with  H  inch 
jomts  all  around  them  and  the  blocks  in  adjacent  rows  shall  break  jcnnts  by 
at  least  3  inches.  The  H  inch  transverse  joints  between  the  rows  of  blocki 
shall  be  secured  hy  the  use  of  a  H  inch  steel  plate  or  template  which  shall 
extend  the  full  width  of  the  roadway.  Immediately  after  the  blocks  are 
laid  they  shall  be  tamped  until  firmly  bedded  in  the  asphalt. 

113.  Bzpansion  Joints.-~An  expansion  joint  one  inch  wide  shall  be  pn>* 
vided  along  each  retaining  piec^  and  shaJl  be  kept  free  from  obstructioB 
during  construction  by  a  wood  strip  one  inch  thic^  extending  down  to  the 
sheathing. 

113.  nUing  Joints. — After  the  bl6cks  have  been^  laid  and  tamped  the 
wooa  strips  shall  be  removed  from  the  expansion  joints  and  all  joints  over 
the  entire  surface  of  the  roadway  shall  then  be  filled  with  the  a^lult  fifler 
which  shall  be  applied  at  a  temperature  of  not  less  than  400**  F.  After  tiie 
filler  has  been  applied  the  entire  surface  shall  be  covered  with  a  li^t  coating 
of  clean,  coarse,  dry  sand. 
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Conversion  Table  68 

Old  Surveyors*  Units 
I  link    =7.92  in. 
100  links  =  I  chain  =  66  ft. 
25  links  =  I  rod     =16.5  ft. 

Ordinary  Measure 

12  in.  =  I  ft. 
3  ft.  =  I  yd. 
5280  ft.  =  I  mile 


I  sq.  ft. 
I  sq.  yd. 

I  acre 

I  sq.  mile 


Volume  Units 


»  144  sq.  m. 
=  9  sq.  ft. 
=  1296  sq.  in. 
=  43»S6o  sq.  ft. 
=  4840  sq.  yds. 
=»  27,878,400  sq.  ft. 
=*  3>097>6oo  sq.  yds. 
»«  640  acres 


I  cu.  ft. 


Weight  Units 


=  1728  cu.  in. 

—  7.4805  ordinary  gal. 

a=  6.232  Imperial  gal. 

I  cu.  yd.  =27  cu.  ft. 

=  46,656  cu.  in. 

I  ordinary  gal.  =  231  cu.  in. 

I  Imperial  gal.  —  277  cu.  in. 

I  barrel  ==•  3i»5  gal- 

s' 4.21  cu.  ft. 

I  pound  «  16  ounces 

I  ordinary  ton  »  2000  pounds 
I  long  ton         »  2240  pounds 


Temperature  Units 
Freeadng  point  of  water 

Boiling  point  of  water  at  normal  air 
pressure 

I  de|^ree  Fahrenheit 
I  degree  Centigrade 


=  32**  Fahrenheit 
=    o®  Centigrade 

=  212°  Fahrenheit 

=  100**  Centigrade 

—  0.5556  degree  Centigrade 

»  1.8  degrees  Fahrenheit 
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Table  69 

Equivalents  of  Inches  and  Fractions  of  Inches  in  Decimals 

OF  a  Foot 


In. 

0  In. 

z  In. 

a  In. 

3  In> 

.0026 
.0052 
.0078 

.0833 
.0859 

.0885 

.0911 

.1667 

•1693 
.1719 

.1745 

•2500 
.2526 

.2552 
.2578 

/)I04 
^156 

/>l82 

.0938 

X)964 

•0990 
.1016 

.1771 
.1797 
.1823 
.1849 

.2604 
.2630 
.2656 
.2682 

1 

ft 

.0208 
.0234 
.0260 
.0286 

.1042 
.1068 
.1094 
.1120 

.1875 
.1901 

.1927 
.1953 

.2708 

.2734 
.2760 

.2786 

i 

a 

H 

•0313 

•0339 

•0365 
.0391 

.1146 
.1172 
.1198 
.1224 

.1979 
.2005 

.2031 

.2057 

.2813 
.2839 
.2865 
.2891 

i 

.0417 

.0443 
.0469 

^495 

•1253 
.1276 
.1302 
.1328 

.2083 
.2091 

•2135 
.2161 

.2917 

•2943 
.2969 

.2995 

1 

H 

.0521 

•0547 
•0573 
•0599 

•1354 
.1380 

.1406 
.1432 

.2188 
.2214 
.2240 
.2266 

.3021 

•3047 
•3073 
.3099 

i 
fi 

'  ft 

7 

.0625 
•0651 
x)677 

•0703 

.1458 

.1484 
.1510 

•1536 

.2292 

.2318 

.2344 
.2370 

.3125 
.3151 
^3177 
.3203 

i 

i 

.0729 

•075s 
x>78i 

.0807 

•1563 
.1589 

.1615 

.1641 

.2396 
.2422 
.2448 

.2474 

.3229 

.3255 
.3281 

•3307 

4  Li. 


.3333 
.3359 
.3385 
.3411 

.3438 

.3464 

.3490 
.3516 

.3542 
.3568 

•3594 
.3620 

.3646 
.3672 
.3698 
•3724 

.3750 
•3776 
.3802 

.3828 

.3854 
.3880 

.3906 
.3932 

.3958 

.3984 
4010 

^036 

4063 
4089 

4115 
.4141 


5  In* 


.4167 
.4193 
-4219 
.4245 

.4271 
.4297 
.4323 
.4349 

.4375 
.4401 

-4427 
.4453 

-4479 
.4505 
.4531 
4557 

.4583 
4609 

.4635 
^661 

^6SS 
4714 
4740 
4766 

4792 
4818 

4844 
4870 

4896 
492a 
4948 
4974 
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Equivalents  of  Inches  and  Fractions  of  Inches  in  Decimals 

OF  A  Foot 


6  In. 


.5000 

.5026 

.5052 
.5078 

.5104 

.5130 
.5156 
.5182 

.5208 

•5234 

.5260 

.5286 
•5313 

•5339 
.5365 
.5391 

.5417 
.5443 
.5469 
•5495 

.5521 
•5547 
•5573 
•5599 

•5625 
•5651 
.5677 
•5703 

•5729 
•5755 
.5781 
•5807 


7  In. 

8  In. 

9  In. 

10  In. 

.5833 
.5859 
.5885 

•59" 

.6667 

•6693 
.6719 

•6745 

•7500 
.7526 

.7552 
•7578 

•8333 
.8359 

.8385 
^4n 

.5938 

•5964 

•5990 
.6016 

.6771 

.6797 
.6823 

.6849 

.7604 
.7630 

.7656 
.7682 

.8438 
.8464 
.8490 
.8516 

.6042 
.6068 
.6094 
.6120 

.6875 
.6901 

.6927 
.6953 

.7708 

.7734 
.7760 
.7786 

.8542 
.8568 

.8594 
.8620 

.6146 
.6172 
.6198 
.6224 

•6979 
•7005 

•7031 
•7057 

.7813 

.7839 
.7865 

.7891 

.8646 
.8672 
.8698 

.8724 

.6250 
.6276 
.6302 
.6328 

.7083 
.7x09 

.7135 
.7161 

.7917 

.7943 
.7969 

.7995 

.8750 

.8776 
.8802 
.8828 

.6354 
.6380 

.6406  • 

.6432 

.7188 

.7214 
.7240 
.7266 

.8021 
.8047 
.8073 
.8099 

.8854 
.8880 
.8906 

•8932 

.6458 
.6484 
.6510 

•6536 

« 

.7292 
.7318 
•7344 
.7370 

^125 
^151 

.81 77- 
.8203 

.8958 
.8984 
.9010 
.9036 

.6563 
.6589 

.6615 

.6641 

.7396 
.7422 

.7448 

.7474 

.8229 

.8255 
^281 

.8307 

•9063 
•9089 

•9"S 
.9x41 

II  In. 


•9167 

•9193 
.9219 

.9245 

•9271 
.9297 

.9323 
.9349 

.9375 
.9401 

.9427 
.945.3" 

.9479 
.9505 
.9531 
.9557 

.9583 
.9609 

.9635 
.9661 

.9688 
.9714 
.9740 
^766 

.9792 
.9818 
.9844 
.9870 

^896 
.9922 
.9948 

•9974 
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Table  70.    Aseas  and  Volumes 


Areas 


h 


Squares,  Rectangles,  and  ParaUdogranu.    Area  »  hh 


Z3T 


b    -« 


K— b-H 


Triangles       Area»)  &iSi 


Trapezoids    Area  «  — ^^^^ — A 


Area 


Circles 
»i2«  =  - 


D« 


Circumference  of  Circle  «  2  »  U  =» 
Commonly  used  value  of  w  ^  3.1416 


D 


W ^ 


5A;i<^  0/  Cif cfe 


Area-  »ie« 


360* 


y^- 


Segment  of  a  Circle 


-:J:J  Area-(,ii.^)_((iJsin4)(ltcos4)) 

Volumes 

Cubes,  Rectangular  Prisms,  ParaUdopipeds,  Cylinders,  etc.  All 
solids  having  parallel  bases  and  a  constant  cross-section. 

Volume  =s  area  of  base  X  perpendicular  height  between  the 
planes  of  the  bases. 

I 
I 


<P 


<^^ 


Wedges,    Having  parallel  endsJ 
Volume  «  area  of  base  5?  }  the  height  perpendic- 
ular  to  the  plane  of  the  base. 


AREAS  AND  VOLUMES 
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Con€S  and  Pyramids,  whether  right  or  oblique,  regular  or  irreg- 
ular. 

Volume  «  \  area  of  the  base  X  height  perpendicular  to  the 
plane  of  the  base 


Frustums  of  Pyramids  or  Cones,  whether  right  or  oblique,  reg- 
ular or  irregular  provided  the  base  and  top  are  parallel. 


Volume  —  i  perpendicular  f*^^j.«""ca  1  [area  ^  area\ 
height  between  base  and  top  •  \top  "''  base  "*■  \  top  ^  base/ 
or  by  the  prismoidal  formula 

Volume  /  4Xarea  of  section  parA 

- i  perpendicular  height  xfJ^+^-hallel    to  and  midway) 

between  base  and  top  \   ^  between  base  and  top  ' 

Prismoidal  Formula 

Trautwine  defines  a  prismoid  as  a  solid  having  for  its  ends 
two  parallel  plane  figures  connected  by  other  plane  figures  on 
which  and  through  every  point  of  which  a  straight  line  may  be 
drawn  from  one  of  the  two  parallel  ends  to  the  other.  These 
connecting  planes  may  be  parallelograms  or  not  and  parallel  to 
each  other  or  not.  This  includes  cubes,  all  parallelopipeds, 
prisms,  cylinders,  pyramids,  cones,  and  their  frustums,  provided 
the  top  and  base  are  parallel  and  wedges. 

The  prismoidal  formula  applies  to  all  these  solids  either  alone 
or  to  any  form  that  can  be  separated  into  units  of  the  above 
forms. 

Prismoidal  formula 


Volume  ■»  A  X 


A  -^a  -^4M 


Sphere 


h  >*  perpendicular  distance  between  the  parallel  ends 
A  »  area  of  one  of  the  parallel  ends 

area  of  the  other  parallel  end 

area  of  a  cross-section  midway  between  and  parallel  to 
the  two  parallel  ends 


a 
M 


Volume  =  f  »  ^»  «  4.1888  R^ 
-  i  »  />•  =  0.5236  /)• 
In  which  R  ■*  radius  of  sphere 
D  -"  diameter  of  sphere 
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Table  71 

S  QUAKES,  Cubes,  Squabe  Roots,  Cube  Roots,  Circumfesences 
and  Cibcular  Abeas  of  Nos.  from  I  TO  520 


"Kn 

Square 

Cube 

Sq.  Root 

Cube  Root 

CncLx 

J^M* 

Circum. 

Area 

I 

I 

I 

IXXX)0 

1.0000 

3.142 

0.7854 

2 

4 

8 

1^142 

1-2599 

6.283 

3.1416 

3 

9 

27 

1. 732 1 

14422 

9-425 

7^)686 

4 

16 

64 

2/X)00 

1-5874 

12.566 

12.5664 

5 

^5 

"5 

2.2361 

1. 7100 

15.708 

19.6350 

6 

36 

216 

2wM9S 

I.8171 

18-850 

28.2743 

I 

49 

343 

2.6458 

1^129 

21.991 

384*45 

64 

512 

2.8284 

2.0000 

25.133 

50.2655 

9 

81 

729 

3.0000 

2.0801 

•  38.274 

63.6173 

10 

100 

1000 

3-1623 

2.1544 

31-416 

78.5398 

II 

121 

^33^ 

3.3166 

2.2240 

34.558 

95-033 

12 

144 

1728  . 

3464.1 

2.2894 

37699 

113-097 

13 

169 

2197 

3.6056 

2-3513 

40.841 

132-732 

14 

196 

2744 

3-7417 

24101 

43.982 

153^38 

IS 

225 

3375 

3-8730 

24662 

47.124 

176.715 

16 

256 

4096 

4.0000 

2.5198 

50.265 

301.062 

17 

289 

4913 

4.I23I 

2.5713 

53407 

226.980 

18 

324 

5832 

4.2426 

2.6207 

56.549 

254469 

19 

361 

6859 

4.3589 

2.6684 

59.690 

283.529 

30 

400 

8000 

44721 

2.7144 

62.832 

314.159 

21 

441 

9261 

4.5826 

2.7589 

65-973 

346.361 

22 

484 

10648 

4.6904 

2.8020 

69.115 

380.133 

23 

529 

12167 

4.7958 

2.8439 

72.257 

415-47^ 

24 

576 

13824 

4.8990 

2.8845 

75398 

452.389 

25 

625 

15625 

5.0000 

2.9240 

78.540 

490.874 

26 

676 

17576 

5-0990 

2.9625 

81.681 

5304^29 

27 

729 

19683 

5-1962 

3.0000 

84.823 

S72.SSS 

28 

784 

21952 

5-2915 

3-0366 

87^65 

615.753 

29 

841 

24389 

5-3852 

3-0723 

91.106 

660.520 

30 

900 

27000 

5-4772 

3.1072 

94.248 

706.858 

31 

961 

29791 

5-5678 

3-1414 

90.389 

754.7^ 

32 

1024 

32768 

5-6569 

3-1748. 

100.531 

804.24S 

33 

1089 

35937 

5-7446 

5-207S 

103.673 

855.299 

34 

.1156 

39304 

5.8310 

3.2396 

106.814 

907/^20 

35 

1225 

4287s 

5.9161 

3.2711 

109-956 

962.113 

36 

1296 

46656 

6.0000 

3.3019 

"3-097 

1017.88 

37 

1369 

50653 

6.0828 

3-3322 

116.239 

1075.21 

38 

1444 

54872 

6.1644 

3.3620 

II9.381 

1134.11 

39 

1521 

59319 

6.2450 

3.3912 

122.522 

"9459 

40 

1600 

64000 

^.3246 

34300 

125.660 

1256^^ 

SQUARES,  CUBES,   ETC. 
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Squares,  Cxjbes,  Square  Roots,  Cube  Roots,  Circumferences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


"No 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

XNU> 

Circum. 

Area 

41 

1681 

68921 

6.4031 

34482 

128.81 

1320.25 

42 

1764 

74088 

6.4807 

34760 

131-95 

1385-44 

43 

1849 

79507 

6.5574 

3-5034 

135-09 

i452.ao 

44 

1936 

85184 

6.6332 

3-5303 

138.23 

1520.53 

45 

2025 

9x125 

6.7082 

3-5569 

141.37 

159043 

46 

2116 

97336 

6.7823 

3-5830 

144-51 

1661.90 

47 

2209 

103823 

6.8557 

3.6088 

147-65 

1734.94 

48 

2304 

I 10592 

6.9282 

3-6342 

150.80 

1809.56 

49 

2401 

II 7649 

7.0000 

3-6593 

153.94 

1885.74 

50 

2500 

125000 

7.0711 

3-6840 

157.08 

1963.50 

51 

2601 

13265 I 

7-1414 

3-7084 

160.22 

2042^2 

52 

2704 

140608 

7.2111 

3-7325 

163.36 

2123.72 

S3 

2809 

148877 

7.2801 

3-7563 

166.50 

2206.18 

54 

2916 

157464 

7-3485 

3.7798 

169.65 

2290.22 

55 

3025 

166375 

74162 

3-8030 

172.79 

2375-83 

56 

3136 

175616 

74833 

3-8259 

i75-9'3 

2463 />! 

57 

3249 

185 193 

7-5498 

3-8485 

179-07 

2.551-76 

58 

3364 

195112 

7-6158 

3-8709 

182.21 

2642^)8 

59 

3481 

205379 

7.6811 

3-8930 

185.35 

2733.97 

60 

3600 

216000 

7.7460 

3-9149 

188.50 

282743 

61 

3721 

226981 

7.8102 

3-9365 

191.64 

2922.47 

62 

3844 

238328 

7-8740 

3-9579 

194.78 

3019-07 

63 

3969 

250047 

7-9373 

3-9791 

197.92 

3117-25 

64 

4096 

262144 

8.0000 

4.0000 

201.06 

3216.99 

65 

4225 

274625 

8x^623 

4.0207 

204.20 

3318.31 

66 

4356 

287496 

8.1240 

4/34x2 

207.3s 

3421.19 

67 

4489 

300763 

8.1854 

4.0615 

21049 

3525-65 

68 

4624 

314432 

8.2462 

4.0817 

213.63 

3631.68 

69 

4761 

328509 

8.3066 

4.1016 

216.77 

3739-28 

70 

4900 

343000 

8.3666 

4.1213 

219.91 

3848.45 

71 

5041 

3579" 

84261 

4:1408 

223.05 

3959-19 

72 

S184 

373248 

84853 

4.1602 

226.19 

4071.50 

73 

5329 

389017 

8.5440 

4.1793 

229.34 

4185.39 

74 

5476 

405224 

8.6023 

4.1983 

23248 

4300.84 

75 

5625 

42187s 

8.6603 

4.2172 

235.62 

4417.86 

76 

5776 

438976 

8.7178 

4.2358 

238.76 

4536.46 

77 

5929 

456533 

8.7750 

4-2543 

241.90 

4656.63 

78 

6084 

474552 

8.8318 

4.2727 

245-04 

4778.36 

79 

6241 

493039 

8.8882 

4.2908 

248.19 

4901,67 

80 

6400 

512000 

8.9443 

4.3089 

251.33 

5026.5s 

^32 
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Cubes,  Sqttake  Roots,  Cubb  Roots,  Cocumtexxskes 

AND  CnCULAK  AB£AS  OF  NOS.  FROM  I   TO  5aO 


Nou 

Sqquc 

Cobe 

Sq.Root 

CobeRoot 

CMmcxx, 

Anm 

81 

6561 

531441 

9J0OOO 

4.3267 

254.47 

5153-00 

83 

6724 

551368 

9-0554 

4.3445 

257.61 

5281  j03 

83 

6889 

571787 

9.1 104 

4.3621 

360.75 

54IOUSI 

«4 

7056 

592704 

9.1652 

4-3795 

263.89 

5541.77 

»5 

7225 

614125 

9-2195 

4-3968 

367  JQ4 

5674-50 

86 

7396 

636056 

9-2736 

4.4140 

270.18 

5808  A> 

87 

7569 

658503 

9-3274 

4.4310 

273.32 

5944.68 

88 

7744 

681472 

9-3808 

4.4480 

276.46 

6082.12 

89 

7921 

704969 

9-4340 

4.4647 

279.60 

6221.14 

90 

8100 

729000 

9.4868 

4.4814 

282.74 

<536i.73 

91 

8281 

753571 

9-5394 

4.4979 

285.88 

6503.88 

92 

8464 

778688 

9-5917 

4.5144 

2Sgjo$ 

6647^1 

93 

8649 

804357 

9-6437 

4.5307 

292.17 

6792.91 

94 

8836 

830584 

9.6954 

4.5468 

295.31 

6939.78 

95 

9025 

85737s 

9.7468 

4.5629 

298.45 

7088.22 

96 

9216 

884736 

9.7980 

4.5789 

301.59 

7238.23 

97 

9409 

912673 

9-8489 

4.5947 

304.73 

7389-81 

98 

9604 

941 192 

9-8995 

4.6104 

307-88 

7542  J96 

99 

9801 

970299 

9-9499 

4.6261 

3nx>2 

7697.69 

100 

lOOOO 

lOOOOOO 

10.0000 

4.6416 

314.16 

7853.98 

lOI 

I020I 

I03030I 

iox>499 

4.6570 

317.30 

8011.85 

102 

IQ404 

I06I208 

10.0995 

4.6723 

320w|4 

8171.28 

103 

Z0609 

1092727 

10.1489 

4.6875 

323-58 

8332.29 

X04 

I0816 

I I 24864 

10.1980 

4.7027 

326.73 

8494-87 

105 

IIO25 

II57625 

10.2470 

4.7177 

329.87 

8659.01 

106 

II236 

II9IOI6 

10.2956 

4.7326 

333-01 

8824.73 

107 

II449 

1225043 

10.3441 

4.7475 

336.15 

8992^02 

108 

I1664 

I2597I2 

10.3923 

4.7622 

339.29 

9160.88 

109 

I1881 

1295029 

10-4403 

4.7769 

34243 

9331.32 

no 

I2I0O 

I33IOOO 

10.4881 

4.7914 

345.58 

9503-32 

ZIZ 

I232I 

I36763I 

10.5357 

4^559 

348.72 

9676.89 

ZI2 

12544 

1404928 

10.5830 

4.8203 

351.86 

9852.03 

"3 

Z2769 

1442897 

10.6301 

4.8346 

355 -oo 

10028.7 

114 

Z2996 

I48I544 

10.6771 

4.8488 

358.14 

10207.0 

"5 

13225 

1520875 

10.7238 

4.8629 

361.28 

10386.9 

Z16 

13456 

1560896 

10.7703 

4-8770' 

364.42 

10568.3 

117 

13689 

I60I6I3 

10.8167 

4.8910 

367.57 

1075 1. 3 

Z18 

13924 

1643032 

10.8628 

4.9049 

370.71 

10935-9 

119 

I416Z 

I685I59 

10.9087 

4.9187 

373.85 

III23X> 

120 

14400 

1728000 

IOJ9545 

4^324 

376.99 

"309.7 
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Squases,  Cubes,  Squaks  Roots,  Cube  Roots,  Ciscumfesences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


Ko. 

Square 

Cube 

Sq.Root 

Cube  Root 

Circle 

Circum. 

Area 

Z2Z 

14641 

1771561 

11.0000 

4.9461 

380.13 

1x499.0 

222 

14884 

1815848 

11.0454 

4.9597 

383-27 

1x689.9 

123 

15129 

1860867 

11.0905 

4.9732 

38642 . 

1x882.3 

124 

15376 

1906624 

"•1355 

4.9866 

389-56 

12076.3 

125 

15625 

1953125 

1 1. 1803 

5.0000 

392.70 

12271.8 

126 

15876 

2000376 

IX. 2250 

5-OI33 

395-84 

12469.0 

127 

1 61 29 

2048383 

11.2694 

5.0265 

398.98 

12667.7 

128 

16384 

2097152 

II.3I37 

5-0397 

402.12 

12868.0 

129 

1 664 1 

2146689 

11.3578 

5.0528 

405.27 

13069.8 

130 

16900 

2x97000 

1 1. 4018 

5.0658 

40841 

13273-2 

131 

1716X 

2248091 

II4455 

5.0788 

411.55 

13478.2 

133 

17424 

2299968 

XX  .4891 

5.0916 

414.69 

13684.8 

133 

17689 

2352637 

X  1.5326 

5-1045 

417-83 

13892.9 

134 

17956 

2406104 

11.5758 

5.1172 

420.97 

14102.6 

135 

18225 

2460375 

IX. 6190 

5-1299 

424.12 

14313-9 

136 

18496 

2515456 

1 1. 6619 

5.1426 

427.26 

14526.7 

137 

18769 

2571353 

11.7047 

5-1551 

43040 

1474I-I 

138 

19044 

2628072 

"•7473 

5.1676 

433-54 

14957.I 

139 

19321 

2685619 

11.7898 

5.1801 

436.68 

15174.7 

140 

19600 

2744000 

11.8322 

5-1925 

439-82 

15393-8 

141 

19881 

2803221 

11.8743 

5.2048 

442.96 

X56I4.5 

142 

20164 

2863288 

11.9164 

5-2171 

446.11 

15836.8 

143 

20449 

2924207 

"•9583 

5-2293 

449-25 

16060.6 

144 

20736 

2985984 

12.0000 

5-2415 

452-39 

16286.0 

145 

21025 

3048625 

12.0416 

5-2536 

455-53 

16513.0 

146 

21316 

3112136 

12.0830 

5-2656 

458.67 

1674X.5 

147 

21609 

3176523 

12.1244 

5.2776 

461.81 

X6971.7 

148 

21904 

3241792 

12.1655 

5.2896 

464.96 

172034 

149 

22201 

33«>7949 

12.2066 

5-3015 

468.X0 

X  7436.6 

150 

22500 

3375000 

12.2474 

5-3133 

471-24 

17671.5 

151 

22801 

3442951 

12.2882 

5-3251 

474-38 

17907.9 

153 

23104 

3511808 

12.3288 

5-3368 

477-52 

18145.8 

IS3 

23409 

3581577 

12.3693 

5-3485 

480.66 

183854 

IS4 

23716 

3652264 

12.4097 

5-360X 

483.81 

18626.5 

155 

24025 

3723875 

12.4499 

5-3717 

486.95 

18869.2 

156 

24336 

3796416 

12.4900 

5-3832 

490/59 

191134 

157 

24649 

3869893 

12.5300 

5-3947 

493-23 

19359-3 

158 

24964 

3944312 

12.5698 

5.4061 

496.37 

19606.7 

159 

25281 

4019679 

12.6095 

5-4175 

499-51 

19855-7 

160 

25600 

4096000 

12.6491   5.4288 

502.65 

20106.2 
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Squares,  Ctmss,  Square  Roots,  Cube  Roots,  Circumferences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


No. 


161 
163 
163 
164 
165 

166 
167 
168 
169 
170 


Square 


25921 
26344 
26569 
26896 
27225 

27556 
27889 

28324 
28561 
28900 


171 

29241 

172 

29584 

^73 

29929 

174 

30276 

175 

30625 

176 

30976 

177 

31329 

178 

31684 

179 

32041 

180 

32400 

181 

32761 

182 

33124 

183 

33489 

184 

33856 

i«5 

34225 

186 

34596 

187 

34969 

188 

35344 

189 

35721 

190 

36100 

191 

36481 

192 

36864 

193 

37249 

194 

37636 

195 

38025 

196 

38416 

197 

38809 

198 

39204 

199 

39601 

200 

40000 

Cube 


4173281 
4251528 

4330747 
4410944 
4492125 

4574296 

4657463 
4741632 
4826809 
4913000 

50002 II 
5088448 

5177717 
5268024 

5359375 

5451776 

5545233 
5639752 

5735339 
5832000 

5929741 
6028568 

6128487 

6229504 

6331625 

6434856 
6539203 
6644672 
6751269 
6859000 

6967871 
7077888 
7189057 

7301384 
7414875 

7529536 

7645373 
7762392 

7880599 

8000000 


Sq.  Root 


12.6886 
12.7279 
12.7671 
12.8062 
12.8452 

12.8841 
12.9228 
12^615 
13.0000 

13-0384 

13.0767 
13.1149 

13-1529 
13.1909 

13.2288 

13.2665 

13-3041 

13-3417 

13-3791 
134164 

134536 
134907 

13-5277 

13-5647 
13.6015 

13-6382 
13.6748 

13-7113 

13-7477 
15.7840 

13.8203 

13-8564 
13.8924 

13-9284 
13-9642 

14.0000 
14.0357 
14.0712 
14.1067 
14.1421 


Cube  Root 


5-4401 

5-4514 
54626 

54737 
54848 

54959 
5-5069 
5-5178 
S-5288 

5-5397 

5-5505 
5-5613 
5-5721 
5.5828 

5-5934 

5.6041 

5-6147 
5.6252 

5-6357 
5.6462 

5-6567 
5.6671 

5.6774 

5.6877 
5.6980 

5-7083 
5-7185 
5-7287 
5.7388 
5.7489 

5.7590 
5.769.0 
5-7790 
5.7890 

5-7989 

5.8088 
5.8186 
5-8285 

5-8383 
5.8480 


Circle 


Circum. 


505.80 

508^4 
5i2x>8 

515.22 
518.36 

521.50 

524.65 

527.79 

530.93 
534.07 

537-21 
540.35 
543.50 
546.64 

549.78 

552.92 
556.06 

559.20 

562.35 
565.49 

568.63 

571-77 
574-91 
578.05 
581.19 

584.34 
58748 
590.62 

593.76 
596.90 

600.04 
603.19 
606.33 
609.47 

612.61 

« 

615.75 
618^9 

622.04 

625.18 

628.32 


Area 


20358.3 
2o6i2j0 
20867.2 
2 II  24.1 
21382.5 

21642.4 
21904/) 
22167.I 
22431.8 
22698/) 

22965.8 
23235.2 
23506.2 

23778.7 
24052.8 

24328.5 
24605.7 
24884.6 
25164.9 
25446.9 

257304 
26015.5 

26302.2 

265904 

26880.3 

27171.6 
27464.6 

27759.1 
28055.2 

28352.9 

28652.x 
2895  2  j9 

29255-3 

29559.2 
29864.8 

3OI7IJ9 
30480.5 

30790.7 
3IIO2.6 

31415-9 
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Squas£s»  Cxjbes,  Square  Roots,  Cube  Roots,  Circumi^sxnces 
AND  Circular  Areas  of  Nos.  from  i  to  520 


No.. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

Circum. 

Area 

201 

40401 

81 20601 

14.1774 

5.8578 

631.46 

31730.9 

202 

40804 

8242408 

14.2127 

5.8675 

634.60 

320474 

203 

41209 

8365427 

14.2478 

5.8771 

637.74 

32365.5 

204 

41616. 

8489664 

14.2829 

5.8868 

640.89 

32685.1 

205 

42025 

8615125 

14.3178 

5.8964 

644.03 

330064 

206 

42436 

8741816 

14.3527 

5-9059 

647.17 

33329.2 

207 

42849 

8869743 

14.3875 

5.9155 

650.31 

33653.5 

208 

43264 

8998912 

14.4222 

5-9250 

653.45 

33979.5 

209 

43681 

9129329 

14.4568 

5-9345 

656.59 

34307.0 

210 

44100 

9261000 

144914 

5-9439 

659.73 

34636.1 

211 

44521 

9393931 

14.5258 

5-9533 

662.88 

34966,7 

212 

44944 

9528128 

14.5602 

5.9627 

666.02 

35298.9 

213 

45369 

9663597 

14.5945 

5-9721 

669.16 

35632.7 

214 

45796 

9800344 

14.6287 

5.9814 

672:30 

35968.1 

215 

46225 

993837s 

14.6629 

5-9907 

67544 

36305.0 

216 

46656 

10077696 

14.6969 

6.0000 

678.58 

36643.5 

217 

47089 

10218313 

14.7309 

6.0092 

681.73 

36983-6 

218 

47524 

10360232 

14.7648 

6.0185 

684.87 

37325-3 

219 

47961 

10503459 

14.7986 

6.0277 

688.01 

37668.5 

220 

48400 

10648000 

14.8324 

6.0368 

691.15 

38013.3 

221 

48841 

10793861 

14.8661 

6.0459 

694.29 

38359-6 

222 

49284 

1094 I 048 

14.8997 

6.0550 

69743 

38707-6 

223 

49729 

I 1089567 

14.9332 

6.0641 

700.58 

39057-1 

224 

■50176 

I I 239424 

14.9666 

6.0732 

703.72 

39408.1 

225 

50625 

11390625 

15.0000 

6.0822 

706.86 

39760.8 

226 

51076 

11543176 

15.0333 

6.0912 

710.00 

40115.0 

227 

51529 

I 1697083 

15.0665 

6.1002 

713.14 

40470.8 

228 

51984 

11852352 

15.0997 

6. 109 1 

716.28 

40828.1 

229 

52441 

12008989 

15-1327 

6.1180 

71942 

41187.1 

230 

52900 

12167000 

15.1658 

6.1269 

722.57 

41547.6 

231 

53361 

12326391 

15.1987 

6.1358 

725-71 

41909.6 

232 

53824 

12487168 

15-2315 

6.1446 

728.85 

42273.3 

233 

54289 

12649337* 

15-2643 

6.1534 

731-99 

42638.5 

234 

54756 

I 28 I 2904 

15.2971 

6.1622 

735.13 

43005.3 

335 

55225 

12977875 

15-3297 

6.1710 

738.27 

43373-6 

236 

55696 

13144256 

15-3623 

6.1797 

74142 

43743-5 

237 

56169 

13312053 

15-3948 

6.1885 

744.56 

44115.0 

238 

56644 

13481272 

154272 

6.1972 

747.70 

44488.1 

239 

57121 

13651919 

15-4596 

6.2058 

750.84 

44862.7 

240 

57600 

13824000 

15-4919 

6.2145 

753-98 

45238.9 

836 


GENERAL  TABLES  AND  FORMULAE 


Sqttasxs,  Ctmss,  Squass  Roots,  Cube  Roots,  CiscuifVEKENCB 
AND  Circular  Areas  of  Nos.  from  i  to  $20 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

CncLB 

Orcum. 

Area 

241 

58081 

13997521 

15-5242 

6.2231 

757.12 

45616.7 

242 

58564 

14172488 

15-5563 

6.2317 

760.27 

45996.1 

«43 

59049 

14348907 

15.5885 

6.2403 

763-41 

46377-0 

244 

59536 

14526784 

15.6205 

6.2488 

766.55 

46759-5 

«45 

60025 

14706125 

15.6525 

6.2573 

769.69 

47143-5 

246 

60516 

14886936 

15.6844 

6.2658 

772.83 

47529-a 

247 

61009 

15069223 

15.7162 

6.2743 

775.97 

479164 

248 

61504 

15252992 

15.7480 

6.2828 

779.12 

48305.1 

249 

62001 

15438249 

15.7797 

6.2912 

782.26 

48695.S 

250 

62500 

15625000 

15,8114 

6.2996 

78540 

490874 

251 

63001 

15813251 

15.8430 

6.3080 

788.54 

49480.9 

252 

63504 

16003008 

15.8745 

6.3164 

791.68 

49875^ 

253 

64009 

16194277 

15.9060 

6.3247 

794.82 

50272.6 

254 

64516 

16387064 

15.9374 

6.3330 

797.96 

50670.7 

255 

65025 

16581375 

15.9687 

6.3413 

801.IZ 

51070.5 

256 

65536 

16777216 

16.0000 

6.3496 

804.25 

51471^ 

257 

66049 

16974593 

16.0312 

6.3579 

807.39 

51874-8 

258 

66564 

17173512 

16.0624 

6.3661 

810.53 

52279.2 

«59 

67081 

17373979 

16.0935 

6.3743 

813.67 

52685.3 

fl6o 

67600 

17576000 

16.1245 

6.3825 

816.81 

53092.9 

261 

68121 

17779581 

16.155s 

6.3907 

819.96 

53502.1 

262 

68644 

17984728 

16.1864 

6.3988 

823.10 

539"^ 

263 

69169 

18191447 

16.2173 

6.4070 

826.24 

54325.2 

264 

69696 

18399744 

16.2481 

64151 

829.38 

54739-1 

265 

70225 

18609625 

16.2788 

64232 

832.52 

55154.6 

266 

70756 

1882 1096 

16.3095 

6.4312 

835.66 

55S7I.6 

267 

71289 

19034163 

16.3401 

6.4393 

838.81 

55990.3 

268 

71824 

19248832 

16.3707 

64473 

841-95 

564104 

269 

72361 

19465 109 

1 6401 2 

64553 

845.09 

56832J 

270 

72900 

19683000 

164317 

64633 

848.23 

57255.5 

271 

73441 

199025 I I 

16462 1 

• 

64713 

851.37 

576804 

272 

73984 

20123648 

164924 

64792 

854.51 

58106.9 

273 

74529 

20346417 

16.5227 

64872 

857.66 

58534^ 

274 

75076 

20570824 

16.5529 

64951 

860.80 

58964.6 

275 

75625 

20796875 

16.5831 

6.5030 

863/^4 

59395.7 

276 

76176 

21024576 

16.6132 

6.5108 

867.08 

59828.S 

277 

76729 

21253933 

16.6433 

6.5187 

870.22 

60262.8 

278 

77284 

21484952 

16.6733 

6.5265 

873.36 

60698.7 

279 

77841 

21717639 

16.7033 

6.5343 

876.50 

61 1 36 J 

280 

78400 

21952000 

16.733a 

6.5421 

879.65 

61575-2 
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.Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumfebences 
[  AND  Circular  Areas  of  Nos.  from  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

Circle 

Circum. 

Area 

281 
282 
283 

284 
285 

78961 

79524 
80089 

80656 

81225 

22188041 
22425768 
22665187 
22906304 
23149125 

16.7631 
16.7929 
16.8226 
16.8523 
16.8819 

6.5499 

6.5577 
6.5654 

6.5731 
6.5808 

882.79 

885.93 
889.07 

892.21 
895-35 

62015.8 
62458.6 
62901.8 

63347.1 
63794.0 

286 
287 
288 
289 
290 

81796 

82369 

82944 

83521 
84i(x> 

23393656 
23639903 
23887872 

24137569 
24389000 

16.9115 
16.941 1 
16.9706 

i7.ocx>o 
17.0294 

6.5885 
6.5962 
6.6039 
6.61 15 
6.6191 

898.50 
901.64 
904.78 
907.92 
911.06 

642424 
64692.5 
65144.I 

65597-2 
66052.0 

291 
292 

293 
294 

295 

84681 

85264 

85849 
86436 
87025 

24642 I 71 
24897088 

25153757 
25412184 

25672375 

17.0587 
17.0880 
17.1172 
17.1464 
17-1756 

6.6267 

6.6343 
6.6419 

6.6494 

6.6569 

914.20 

917-35 
92049 

923.63 
926.77 

66508.3 
66966.2 
67425.6 
67886.7 

68349.3 

296 

297 
298 

299 

300 

87616 
88209 
88804 
89401 
90000 

25934336 
26198073 
26463592 
26730899 
27000000 

17.2047 

17-2337 
J7.2627 

17.2916 

17-3205 

6.6644 
6.6719 
6.6794 
6.6869 
6.6943 

929.91 

933.05 
936.19 

939-34 
94248 

68813.5 
69279,2 
69746.5 
70215.4 
70685.8 

301 
302 

303 
304 
30s 

90601 
91204 
91809 
92416 
93025 

27270901 
27543608 
27818127 
28094464 
28372625 

17-3494 
17.3781 

174069 

174356 
174642 

6.7018 
6.7092 
6.7166 
6.7240 

6.7313 

945.62 
948.76 
951.90 

955.04 
958.19 

71157-9 

71631.5 
72106.6 

72583-4 
73061.7 

306 

307 
308 

309 
310 

93636 

94249 
94864 

95481 
96100 

28652616 

28934443 
292 181 I 2 

29503629 

29791000 

17-4929 
17-5214 
17-5499 
17-5784 
17.6068 

6.7387 
6.7460 

6.7533 
6.7606 

6.7679 

961.33 

964.47 
967.61 

970.75 
973-89 

73541.5 
74023.0 

74506.0 

74990.6 

75476.8 

3" 
312 

313 
314 
315 

96721 
97344 

97969 
98596 

99225 

30080231 
30371328 
30664297 

30959144 
31255875 

17-6352 

17-6635 
17.6918 

i7.72<x> 

17.7482 

6.7752 
6.7824 
6.7897 
6.7969 
6.8041 

977-04 
980.18 

983-32 
98646 

989.60 

75964.5 
76453.8 
76944.7 
77437.1 
77931.I 

316 

317 

318 

319 
320 

99856 
100489 
101124 
101761 

I024<X> 

31554496 

31855013 
32157432 
32461759 
32768000 

17.7764 

17-8045 
17.8326 

17.8606 

17.8885 

6.81 13 
6.8185 
6.8256 
6.8328 
6.8399 

992.74 
995.88 
999.03 

ICX32.20 
1005.30 

78426.7 

78923.9 
79422.6 

79922.9 

80424.8 

838 


GENERAL  TABLES  AND  FORMULiE 


Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


kT_ 

Cube 

Sq.Root 

r^iiK*  V/w^f 

C1RC1.E 

No. 

Square 

^UDC  1%UUI 

Circum. 

Area 

321 

103041 

33076161 

17.9165 

6.8470 

1008.5 

80928.2 

322 

103684 

33386248 

17.9444 

6.8541 

1011.6 

81433-2 

3^3 

104329 

33698267 

17.9722 

6.8612 

IO14.7 

81939-8 

324 

104976 

34012224 

18.0000 

6.8683 

1017.9 

82448/) 

325 

105625 

34328125 

18.0278 

6^753 

102 1.0 

82957.7 

326 

106276 

34645976 

18.0555 

6.8824 

1024.2 

83469.0 

327 

106929 

34965783 

18.0831 

6.8894 

1027.3 

83981.8 

328 

107584 

35287552 

18.II08 

6.8964 

1030.4 

84496.3 

329 

108241 

35611289 

18.1384 

6.9034 

1033.6 

85012.3 

330 

108900 

35937000 

18.1659 

6.9104 

1036.7 

85529^ 

331 

109561 

36264691 

18.1934 

6.9174 

1039.9 

86049  jO 

332 

110224 

36594368 

18.2209 

6.9244 

1043.0 

86569.7 

333 

I10889 

36926037 

18.2483 

6.9313 

1046.2 

87092/) 

334 

III556 

37259704 

18.2757 

6.9382 

1049.3 

87615.9 

335 

112225 

37595375 

18.3030 

6.9451 

10524 

8814I.3 

33^ 

I I 2896 

37933056 

18.3303 

6.9521 

1055.6 

88668.3 

337 

I 13569 

38272753 

18.3576 

6.9589 

1058.7 

89196.9 

338 

I14244 

38614472 

18.3848 

6.9658 

1061.9 

89727/) 

339 

114921 

38958219 

18.4120 

6.9727 

1065.0 

90258.7 

340 

I15600 

39304000 

184391 

6-9795 

1068.I 

90792/) 

341 

116281 

3965 182 I 

18.4662 

6.9864 

1071.3 

91326.9 

342 

II 6964 

40001688 

18.4932 

6.9932 

10744 

91863.3 

343 

I I 7649 

40353607 

18.5203 

7.0000 

1077.6 

92401.3 

344 

I 18336 

40707584 

18.5472 

7.0068 

1080.7 

92940^ 

345 

I 19025 

41063625 

18.5742 

7.0136 

1083.8 

93482.0 

346 

119716 

41421736 

18.601 1 

7.0203 

loSjjo 

94024.7 

347 

120409 

41781923 

18.6279 

7.0271 

1090.1 

94569-0 

348 

121104 

42144192 

18.6548 

7.0338 

1093.3 

95114.9 

349 

121801 

42508549 

18.6815 

7.0406 

10964 

95662.3 

350 

122500 

42875000 

18.7083 

7.0473 

1099.6 

962 II. 3 

351 

123201 

43243551 

18.7350 

7-0540 

1102.7 

96761-8 

352 

123904 

43614208 

18.7617 

7.0607 

1 105 .8 

973H-0 

353 

124609 

43986977 

18.7883 

7.0674 

1 109.0 

97867.7 

354 

125316 

44361864 

18.8149 

7.0740 

1112.1 

98423-0 

355 

126025 

44738875 

18.8414 

7.0807 

"15-3 

98979-8 

35<5 

126736 

45118016 

18.8680 

7.0873 

11184 

99538.2 

357 

127449 

45499293 

18.8944 

7.0940 

1121.5 

100098 

358 

128164 

45882712 

18.9209 

7.1006 

1124.7 

100660 

359 

128881 

46268279 

18.9473 

7.1072 

1127.8 

101223 

360 

129600 

46656000 

18.9737 

7.1138 

1131.0 

101788 
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juARES,  Cubes,  Square  Roots,  Cube  Roots,  Circumperences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


ClRf^  w 

No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

XxA^^ 

"V^***.* 

Circum. 

Area 

361 

130321 

47045881 

19.0000 

7.1204 

I134.I 

102354 

362 

131044 

47437928 

19.0263 

7.1269 

I137.3 

102922 

363 

131769 

47832147 

19.0526 

7-1335 

1 140.4 

IO3491 

364 

132496 

48228544 

19.0788 

7.1400 

1 143.5 

104062 

365 

133225 

48627125 

19.1050 

7.1466 

1 146.7 

104635 

366 

133956 

49027896 

19.1311 

7-1531 

1 149 .8 

105209 

367 

134689 

49430863 

19.1572 

7-1596 

1153-0 

105785 

368 

135424 

49836032 

19-1833 

7.1661 

1156.1 

106362 

369 

136161 

50243409 

19.2094 

7.1726 

1159.2 

106941 

370 

136900 

50653000 

19.2354 

7.1791 

1162.4 

107521 

371 

137641 

51064811 

19.2614 

7-1855 

"65.5 

108103 

372 

138384 

51478848 

19.2873 

7.1920 

1168.7 

108687 

373 

139129 

51895117 

19-3132 

7.1984 

1 1 71. 8 

109272 

374 

139876 

52313624 

19-3391 

7.2048 

1175.0 

109858 

375 

140625 

52734375 

19.3649 

7.2112 

1 1 78.1 

I 10447 

376 

141376 

53157376 

19.3907 

7.2177 

1181.2 

IIIO36 

377 

142 I 29 

53582633 

194165 

7.2240 

1184.4 

I I 1628 

378 

' 142884 

54010152 

19.4422 

7.2304 

1187.5 

I1222I 

379 

143641 

54439939 

19.4679 

7.2368 

1190.7 

II2815 

380 

144400 

54872000 

194936 

7.2432 

1 193 .8 

113411 

381 

145161 

55306341 

19.5192 

7-2495 

1196.9 

114009 

382 

145924 

55742968 

19.5448 

7.2558 

1200.1 

I 14608 

383 

146689 

56181887 

19.5704 

7.2622 

1203.2 

II52O9 

384 

147456 

56623104 

19-5959 

7.2685 

1206.4 

II5812 

385 

148225 

57066625 

19.6214 

7.2748 

1209.5 

I16416 

386 

148996 

57512456 

19.6469 

7.281 1 

1212.7 

I I 7021 

387 

149769 

57960603 

19.6723 

7.2874 

1215.8 

117628 

388 

150544 

5841 1072 

19.6977 

7.2936 

1218.9 

I 18237 

389 

151321 

58863869 

19.7231 

7.2999 

1222. 1 

I 18847 

390 

152100 

59319000 

19.7484 

7.3061 

1225.2 

"9459 

391 

152881 

59776471 

19.7737 

7.3124 

1228.4 

120072 

392 

153664 

60236288 

19.7990 

7.3186 

1231-5 

120687 

393 

154449 

60698457 

19.8242 

7.3248 

1234.6 

121304 

394 

155236 

6116129S4 

19.8494 

7.3310 

1237.8 

121922 

395 

156025 

61629875 

19.8746 

7.3372 

1240.9 

122542 

x396 

1568x6 

62099136 

19.8997 

7.3434 

1244.1 

123163 

397 

157609 

62570773 

19-9249 

7-3496 

1247.2 

123786 

398 

158404 

63044792 

19-9499 

7.3558 

1250.4 

124410 

399 

159201 

6352 I 199 

19-9750 

7-3619 

1253-5 

125036 

400 

160000 

64000000 

20.0000 

7.3684 

1256.6 

125664 
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GENERAL  TABLES  AND  FORMULAE 


Squares,  Cttbes,  Squake  Roots,  Cube  Roots.  CiacintFKKEHca, 
AND  Circular  Areas  of  Nos.  from  i  to  520 


No. 

401 
402 

403 

404 

405 

406 
407 
408 
409 
410 

411 
41a 

413 

414 

415 

416 

417 
418 

419 

420 

421 
422 

423 
424 

425 

426 
427 
428 
429 

430 

431 
432 
433 
434 
435 

436 

437 

438 

439 
440 


Square 


:6o8oi 
[61604 
[62409 
[63216 
[64025 

[64836 

[65649 
[66464 

[67281 

[68100 

[68921 
[69744 

70569 
71396 
72225 

73056 
73889 
74724 
75561 
76400 

77241 
78084 
78929 

79776 
[80625 

[81476 
[82329 
[83184 
[84041 
[84900 

[85761 
[86624 
[87489 
[88356 
[89225 

[90096 
[90969 
[91844 
[92721 
[93600 


Cube 


6448 I 201 
64964808 
65450827 
65939264 
66430125 

66923416 
67419143 
67917312 
68417929 
68921000 

69426531 
69934528 
0444997 

0957944 
1473375 

1991296 
2511713 
3034632 
3560059 
4088000 

4618461 

5151448 
5686967 
6225024 
6765625 

7308776 

7854483 
8402752 

8953589 
9507000 

80062991 
80621568 
81182737 
81746504 
82312875 

82881856 

83453453 
84027672 

84604519 
85184000 


Sq.  Root 


20.0250 
20.0499 
20.0749 
20.0998 
20.1246 

20.1494 
20.1742 
20.1990 
20.2237 
20.2485 

20.2731 
20.2978 
20.3224 
20.3470 

20.3715 

20.3961 
204206 
204450 
204695 

204939 

20.5183 
20.5426 
20.5670 
20.5913 
20.6155 

20.6398 
20.6640 
20.6882 
20.7123 
20.7364 

20.7605 
20.7846 
20.8087 
20.8327 
20.8567 

20.8806 
2OJ9045 
2OJ9284 
20^523 
2OJ9762 


Cube  Root 


•3742 
•3803 
.3864 

•3925 
.3986 

4047 
4108 
4169 
4229 
4290 

•4350 
4410 
4470 

•4530 
•4590 

4650 
4710 

4770 
4829 
4889 

4948 

•5007 
.5067 

.5126 
.5185 

•5244 
•5302 

•5361 
.5420 

•5478 

•5537 
•5595 
•5654 
•57" 
•5770 

.5828 
.5886 

.5944 
.6001 

•6059 


CntcLB 


Circum. 


259.8 
262.9 
266.1 
269.2 
272.3 

275.5 
278.6 

281.8 

284.9 

288.1 

291.2 

294.3 

297.5 
300.6 

303.8 

506.9 
310.0 

313.2 
316.3 

319.5 

322.6 
325.8 
328.9 
332.0 
335.2 

338.3 
341.5 
344.6 

347.7 
350.9 

354.0 

357.3 
360.3 

363.5 
366.6 

369.7 

372.9 
376.0 

379^ 
382.3 


Area 

26293 
26923 

27556 
:  28190 

28825 

[29462 
[30100 

30741 
31382 
^32025 

[32670 

33317 

3396s 
[34614 

35265 

35918 

36572 
[37228 

37885 

^38544 

39205 
39867 

[40531 
[41 196 

[41863 

[42531 
[43201 

43872 

[44545 

[45220 

[45896 
[46574 
^47254 
^47934 
[48617 

[49301 

[49987 

50674 

51363 

^52053 


SQUARES,  CUBES,  ETC. 


841 


Squares^  Cttbes,  Square  Roots,  Cube  Roots,  Circumferences 
AND  Circular  Areas  of  Nos.  from  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

CiRCLK 

*^x^« 

Qrcum. 

1   Area 

441 

194481 

8576612 I 

21.0000 

7.61 1 7 

13854 

152745 

442 

195364 

86350888 

21.0238 

7.6174 

1388.6 

153439 

443 

196249 

86938307 

21.0476 

7.6232 

1391.7 

154134 

444 

197136 

87528384 

21.0713 

7.6289 

1394.9 

154830 

445 

198025 

88121125 

21.0950 

7.6346 

1398.0 

155528 

446 

198916 

88716536 

21.I187 

7.6403 

1401.2 

156228 

447 

199809 

89314623 

21.1424 

7.6460 

1404.3 

156930 

448 

200704 

89915392 

21.1660 

7.6517 

14074 

157633 

449 

201 601 

90518849 

21.1896 

7.6574 

1410.6 

158337 

450 

202500 

91125000 

21.2132 

7.6631 

1413.7 

159043 

451 

203401 

91 733851 

21.2368 

7.6688 

1416.9 

159751 

452 

204304 

92345408 

21.2603 

7.6744 

142OJO 

160460 

453 

205209 

92959677 

21.2838 

7.6801 

1423.1 

161171 

454 

2061 I 6 

93576664 

21.3073 

7.6857 

1426.3 

161883 

455 

207025 

94196375 

21.3307 

7.6914 

1429.4 

162597 

456 

207936 

94818816 

21.3542 

7.6970 

1432.6 

163313 

^^2 

208849 

95443993 

21.3776 

7.7026 

1435-7 

164030 

45S 

209764 

96071912 

214009 

7.7082 

1438.9 

164748 

459 

210681 

96702579 

214243 

7.7138 

1442.0 

165468 

460 

211600 

97336000 

214476 

7.7194 

1445. 1 

166190 

461 

212531 

97972181 

214709 

7.7250 

1448.3 

166914 

462 

213444 

9861 I 128 

214942 

7.7306 

145 1. 4 

167639 

463 

214369 

99252847 

21.5174 

7.7362 

1454.6 

168365 

464 

215296 

99897344 

21.5407 

7.7418 

1457.7 

169093 

465 

216225 

100544625 

21.5639 

7.7473 

1460.8 

169823 

466 

217156 
2186  $9 

101194696 

21.5870 

7.7529 

1464.0 

170554 

467 

101847563 

21.6102 

7.7584 

1467.1 

171287 

468 

219024 

102503232 

21.6333 

7.7639 

1470.3 

172021 

469 

219961 

103 1 61 709 

21.6564 

7.7695 

14734 

172757 

470 

220900 

103823000 

21.6795 

7.7750 

1476.5 

173494 

471 

221841 

104487111 

21.7025 

7.7805 

1479.7 

174234 

472 

2227^4 

105154048 

21.7256 

7.7860 

1482.8 

174974 

473 

223729 

105823817 

21.7486 

7.7915 

1486.0 

•175716 

474 

224676 

106496424 

21.7715 

7.7970 

1489.1 

176460 

475 

225625 

107171875 

21.7945 

7.8025 

1492.3 

177205 

476 

226576 

107850176 

21.8174 

7.8079 

14954 

177952 

477 

227529 

108531333 

21.8403 

7.8134 

1498.5 

178701 

47» 

228484 

109215352 

a  1 .8632 

7.8188 

1501.7 

I 79451 

479 

229441 

109902239 

21.8861 

7-8243 

1504-8 

180203 

480 

230400 

I 10592000 

21.9089 

7.8297 

1508.0 

180956 

842 


GENERAL  TABLES  AND  FORMULAE 


Squares,  Cubes,  Square  Roots,  Cube  Roots,  Circumferehces 
AND  Circular  Areas  of  Nos<  irom  i  to  520 


No. 

Square 

Cube 

Sq.  Root 

Cube  Root 

CiSCXE 

Circum. 

Area 

481 

231361 

111284641 

21.9317 

7^352 

1511.I 

181711 

482 

232324 

111980168 

21^545 

7.8406 

1514.3 

182467 

483 

233289 

I 12678587 

21^773 

7.8460 

1517.4 

183225 

484 

234256 

I 13379904 

22JOOOO 

7.8514 

1520.5 

183984 

485 

. 235225 

114084125 

22.0227  - 

7.8568 

1523-7 

184745 

486 

236196 

114791256 

22.0454 

7.8622 

1526.8 

185508 

487 

237169 

"5501303 

22.0681 

7.8676 

1530.0 

186^73 

488 

238144 

116214272 

22.0907 

7.8730 

I533-I 

187038 

489 

239121 

116930169 

22.1133 

7.8784 

1536.2 

187805 

490 

240100 

I I 7649000 

22.1359 

7.8837 

1539-4 

188574 

491 

241081 

H8370771 

22.1585. 

7^1 

1542.5 

189345 

492 

242064 

U9095488 

22.181I 

7.8944 

1545-7 

190117 

493 

243049 

U9823157 

22.2036 

7.8998 

1548.8 

190890 

494 

244036 

120553784 

'22.2261 

7.9051 

1551.9 

19 1 665 

495 

245025 

121287375 

22.2486 

7.9105 

1555.1 

192442 

496 

246016 

122023936 

22.2711 

7.9158 

1558.2 

193221 

497 

247009 

122763473 

22.2935 

7.9211 

1561.4 

194000 

498 

248004 

123505992 

22.3159 

7.9264 

1564.S 

194782 

499 

249001 

124251499 

22.3383 

7.9317 

1567.7- 

195565 

500 

250000 

125000000 

22.3607 

7.9370 

1570.8 

196350 

501 

251001 

125751501 

22.3830 

7.9423 

1573-9 

197136 

502 

252004 

126506008 

22.4054 

7.9476 

1577.1 

197923 

503 

253009 

127263527 

22.4277 

7.9528 

1580.2 

198713 

504 

254016 

I 28024064 

22.4499 

7.9581 

1583.4 

199504 

505 

255025 

128787625 

22.4722 

79634 

1586.S 

200296 

506 

256036 

129554216 

22.4944 

7.9686 

1589.7 

201090 

507 

257049 

130323843 

22.5167 

7-9739 

1592.8 

201886 

508 

258064 

13 10965 I 2 

22.5389 

79791 

1595.9 

202683 

509 

259081 

13 1872229 

22.5610 

7.9843 

1 599. 1 

203482 

510 

260100 

13 265 1000 

22.5832 

7.9896 

1602.2 

204282 

5" 

261 1 21 

13343 283 I 

22.6053 

7.9948 

1605.4 

205084 

512 

262144 

134217728 

22.6274  . 

8.0000 

1608.5. 

205887 

513 

263169 

135005697 

22.6495 

8.0052 

161 1.6 

206692 

514 

264196 

135796744 

22.6716 

8.0104 

1 61 4.8 

207499 

515 

265225 

136590875 

22.6936 

8.0156 

161 7.9 

208307 

516 

266256 

137388096 

22.7156 

8.0208 

1621.1 

209117 

517 

267289 

138188413 

22.7376 

8.0260 

1624.2 

209928 

518 

268324 

138991832 

22.7596 

8.03 1 1 

1627.3 

210741 

519 

269361 

139798359 

22.7816 

8.0363 

1630.5 

211556 

520 

270400 

140608000 

22.8035 

8.0415 

1633.6 

212372 

TRIGONOMETRIC  FORMULiE 
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Table  72.    Trigonometric  Functions  and  the  Solution  of 

Triangles 


In  the  accompanying  figure  the  trig- 
onometric functions  of  the  angle  A 
between  the  lines  B  A  and  A  C  are 
as  follows; 


sin  A 

^BC 

cos  A 

=  AC 

tan  A 

=  EF 

cot  A 

=  G  H 

sec  A 

=^AE 

cosec  A 

--AH 

ex-sec  A 

=  B  E 

In  the  right-angled  triangle  ABC 
let  a  equal  the  side  B  C  opposite  the 

angle  A;  let  b  equal  the  side  A  C  opposite  the  angle  B;  let  c 
equal  A  B,  the  side  opposite  the  angle  C 

Let  C  =  90*" 

The  following  formulae  apply  to  right-angled  triangles: 


Angles. 


A+ B:\-C 

A  +  B 
A 
B 


=  i8o*» 
==    90° 

=    90**- 


Sides, 


B 
A 


sin  A 
cos^ 

tan^l 


c 

b_ 

c 

a 
b 


Area 


a  b 
area  =  — 
2 


a  =csin  A  ^b  tan  A 
a^V  (c+b)  (c-b) 


b  ^  c  cos.  A 


a 


tan  A 


b  «  \/  (c  -f  a)  (c  —  a) 


a  b 


sin  A      cos  A 

c  =  V  o*  +  ^ 


Oblique  Triangles. 

Note.  Where  an  angle  is 
more  than  90**  its  sine,  cosine, 
and  tangent  are  equal  to  that 
of  the  angle  (180°  —  the  angle 
in  question);  that  is,  if  the  sine 
of  1 20°  is  desired  take  the  sine 
of  (180**-  120**)  =60°. 
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GENERAL  TABLES  AND  FORMULAE 


Given 


AyB.a 


Desired 


A,  a,  b 


Cy  a,  h 


a,  bf  c 


C,b 


c,  K 


B,C 
c 


i(A+B) 

i(A-B) 

AB 

c 
K 


Formulae 


C  -  i8o  —  U  +  B);    b 


sin  B 


c  ~ 


sin  A 


sin  (.4  +5);^« 


sin  A 

cfi  sin  .g  sin  C 
2  sin  A 


sin  B 


sin  A 


a 


b;    C  =  i8o^-  {A  +  5) 


a 


c  =  —. 


sin  il 


sin  C 


Two  solutions  are  possible  with  B'  as  an  acute  aog^ 
and  B  as  an  obtuse  angle 


B 


K 


J  U+B)  -  9o«  -  i  C 

tan  J  (^ -5)  =  j^      tanJU+B) 

5  -  i  (^  +  5)  -  J  U  -  5) 

'-<"-*)  sin  JU-S) 
X"  =«  i  aft  sin  C 


Li  the  following  formula  5  =  i  (a  -|-  ft  -f_  ^) 
siniB   =i/ (ir  ")  (^  - ') 


ac 


.      «        2  V  5  (5  -  g)   (5  -  6)    (5   —  c) 

sin  x>  = 

ac 

^  «  V  ^  (^  -a)  (^  -  6)  (5  -  c) 


NATURAL  TANGENTS  AND  CO-TANGENTS       845 


Table  73 


e 
I 
a 

3 
4 
S 
6 

7 
8 

9 

xo 

xz 

X3 

13 
14 

IS 

x6 

17 
x8 

19 
ao 

ai 
aa 
33 
34 
as 
36 

27 
aS 

29 

30 

31 
3a 
33 
34 
35 
36 
37 
38 
39 
40 

41 
4a 
43 
44 
45 
46 
47 
48 
49 
50 

SI 
Sa 
S3 
54 
55 
S6 

57 
58 

59 
60 


Of" 
Tan.      Co-tan. 


.00000 

.00029 
xxx>58 
x>oo87 
.001x6 
JOO145 
JOO175 
jooao4 
.00233 
x>026a 
joo2gi 

.00320 
.00349 
.00378 
.00407 
.00436 
.00465 
.00495 
.00524 

•00553 
.00582 

.0061  z 
.00640 
.00669 
.00698 
xx>727 
xx>756 
WO0785 
/x>8z4 
.00844 
.00873 

.00902 
.0093  z 
.00960 
.00989 
x>xoz8 
WOZ047 
.01076 
x>iios 

.01135 
.01x64 

X)ii93 
/>i2a2 

X>I25I 

x>i28o 
JO1309 
J01338 
^3x367 
.0x396 
.01425 

.0x455 

.0x484 

.01513 
.01542 

.01571 
/>i6oo 
.0x629 
x>x658 
x>x687 
.017x6 
WOZ746 


Infinite. 

3437.750 

1718.870 

X 145 .930 

859.436 

687.549 

572.957 

491. Z06 

429.718  . 

381.971 

343.774 

312.521 
286.478 
264.441 
245-552 
229.182 
214.858 
302.219 
X90.984 
180.932 
171.885 

163.700 

156.359 
149.465 

143-237 
137.507 
X32.219 
127.321 
122.774 
118.540 
114.589 
110.893 
X07.426 
Z04.Z71 
X01.X07 
98.2179 

954895 
92.9085 

90.4633 
88.1436 
85.9398 

83.8435 
81.8470 

79.9434 
78.X263 
76.3900 
74.7292 
73.1390 
71.6151 
70.1533 
68.750X 

67.4019 
66.1055 
64.8580 
63.6567 
62.4992 
61.3829 
60.3058 

592659 
58.26x2 

57.2900 


Co-TAN.   Tan. 


1 

0 

2 

l*» 

3 

0 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

.0x746 

57.2900 

.03492 

28.6363 

.05241 

190)811 

.01775 

56.3506 

.03521 

28.3994 

.05270 

18.9755 

.01804 

55.4415 

.03550 

28.1664 

.05299 

18.8711 

.01833 

54.5613 

.03579 

37.9372 

0)5328 

18.7678 

/>i86a 

53-7086 

0)3609 

37.7117 

.05357 

18.6656 

x>i89i 

52. 882  Z 

.03638 

37.4899 

.05387 

18.564s 

.01920 

52.0807 

0)3667 

37.3715 

0)54i6 

18.4645 

/)1949 

SI.3032 

0)3696 

37.0566 

.05445 

18.3655 

.01978 

50.5485 

.03725 

26.8450 

.05474 

18.3677 

.02007 

49.8157 

.03754 

26.6367 

.05503 

18.1708 

.02036 

49.1039 

.03783 

264316 

.05533 

180)750 

.02066 

48.4121 

.03813 

26.2296 

.05562 

17.9802 

.02095 

47.7395 

0)3842 

26.0307 

.05591 

Z7.8863 

.02124 

47.0853 

0)3871 

25-8348 

0)5620 

17.7934 

X)2iS3 

46.4489 

0)3900 

25.6418 

.05649 

17.7015 

.02182 

45.8294 

0)3929 

25"*5i7 

0)5678 

Z7.6106 

.02211 

45.2261 

.03958 

25.2644 

0)5708 

17.5205 

.02240 

44.6386 

0)3987 

25.0798 

.05737 

17.4314 

032269 

440)661 

0)4016 

24.8978 

0)5766 

17.3432 

.02298 

43.5081 

.04046 

24.7185 

.05795 

17.2558 

X>2328 

42.9641 

.04075 

24.5418 

0)5834 

17.1693 

.oi357 

42.4335 

.04104 

24-3675 

.05854 

17.0837 

.02386 

41-9158 

.04133 

241957 

0)5883 

Z6.9990 

.02415 

4Z.4106 

.04162 

240)263 

0)5913 

16.9150 

.02444 

40.9174 

0)4191 

238593 

.05941 

16.8319 

.02473 

40.4358 

0)4220 

236945 

.05970 

16.7496 

X>2502 

39-9655 

X)425o 

23.5321 

.05999 

16.6681 

.02531 

395059 

0)4279 

23.3718 

0)6039 

16.5874 

.02560 

390)568 

0)4308 

23.2137 

0)6058 

16.5075 

.02589 

38.6177 

.04337 

23.0577 

.06087 

16.4283 

.02619 

38.1885 

0)4366 

23.9038 

0)6ix6 

16.3499 

x>2648 

37.7686 

.04395 

22.7519 

.06145 

16.3722 

x>a677 

37-3579 

0)4424 

22.6020 

.06175 

16.1952 

x>27o6 

36.9560 

.04454 

22.4541 

0)6204 

16.1190 

.02735 

36.5627 

0)4483 

22.3081 

.06233 

i6o)43S 

.02764 

36.1776 

0)4512 

23.1640 

.06263 

15.9687 

.02793 

35.8006 

.04541 

32.0217 

0)6291 

iS-8945 

.02822 

35.4313 

.04570 

21.8813 

0)6321 

15.8211 

0)2851 

35.0695 

.04599 

21.7426 

0)6350 

15.7483 

.02881 

34.7151 

0)4638 

21.6056 

0)6379 

15.6762 

0>29IO 

34.3678 

0)4658 

21.4704 

0)6408 

15.6048 

o>2939 

34.0273 

0)4687 

31.3369 

.06437 

15-5340 

0)2968 

33-6935 

0)4716 

31. 3049 

0)6467 

Z5.4638 

0)2997 

33.3662 

.04745 

8 1.0747 

.06496 

15.3943 

0)3026 

33.0452 

.04774 

20.9460 

0)6525 

15.3254 

.03055 

32.7303 

0)4803 

20.8188 

.06554 

15.2571 

.03084 

32.4213 

.04832 

20.6932 

0)6584 

151893 

0)3114 

32.1181 

0)4862 

20.5691 

0)6613 

15.1222 

.03143 

31-8205 

0)4891 

20.4465 

0)6643 

15.0557 

0)3172 

31.5284 

0)4930 

20.3253 

0)6671 

14.9898 

0>3201 

31.2416 

0)4949 

30.3056 

0)6700 

14.9244 

0)3230 

30.9599 

.04978 

30.0873 

X)6730 

14.8596 

.03259 

30.6833 

0)5007 

19.9702 

0)6759 

14.7954 

0)3288 

30.4116 

.05037 

198546 

.06788 

14.7317 

.03317 

30.1446 

.05066 

19.7403 

0)68i7 

X4.6685 

.03346 

29.8823 

.05095 

19.6273 

o>6847 

X4.60S9 

.03376 

29.6245 

0)5124 

195156 

0)6876 

14.5438 

.03405 

29.3711 

.05153 

Z9.405Z 

0)6905 

14.4823 

J03434 

29.1220 

0)5182 

19-2959 

0)6934 

X4.4ai2 

.03463 

28.8771 

0)5212 

19.1879 

0)6963 

14-3607 

.03492 

28.6363 

.05341 

19.08x1 

.06993 

14.3007 

Co-TAN. 
1       fi 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

SP 

8 

70 

s 

6'' 

60 

59 
58 

57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 

41 
40 

39 
38 
37 
36 
35 
34 
33 
32 

31 
30 

29 
28 

27 
26 

25 
94 
23 
aa 
ax 

30 

19 
18 

17 
16 

15 
14 
13 
12 

zi 
10 

I 

7 
6 

5 

4 
3 

a 
1 
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4'           1 

5 

6 

0 

7' 

Tan. 

Co^jLS. 

Tah. 

CO-IAK. 

Tab. 

CO-IAH. 

T*M. 

CO-IAK. 

■o6»3 

I4-300J 

^8749 

II.4J01 

.10510 

9,51436 

.uajS 

i:;ai! 

*S778 

bBBoj 

9-48781 

..1308 

iTOSl 

.10569 

9^461 41 

.1-338 

8.10336 

.OWSo 

■08S37 

■  ■■3i63 

T^-S 

.11367 

14^o655 

.08866 

11.2789 

8116674 

Si 

*8S9S 

-.0657 

93830J 

lliJSe 

8^47^6 

IJ^OSOI 

.oBsas 

.106SJ 

.11485 

8.01848 

I3*«o 

-08954 

.10716 

8-0004^ 

^■8}7a 

.oS9fl3 

..0,46 

b;js6 

.^■78.. 

9:>8058 

7-97176 

j>72Ss 

U.ia67 

,0904a 

:I^s 

'^IJ" 

■iSl 

■.0834 

9-'30l6 

.ia6o3 

^■U3J38 

.10863 

-11633 

7^c.?Si 

13.5634 

.o.9S>9 

■10893 

9i8oa8 

13-5098 

10,9178 

!ia6oa 

13-.S66 

^.8, 

ja.i&ig 

.I09sa 

913093 

7.Kl,o6i 

B9118 

10J483 

..09B. 

9,  .0646 

,"751 

13'3!'S 

9*8ai. 

,11781 

Jil^Sa 

^■1906 

.09a  JT 

9,05789 

->7S48 

«93°6 

903379 

:lfC 

JJ7SJ8 

n-'obg 

9-00983 

,iaa69 

J.7703S 

^■146- 

■0936s 

.0,6783 

898598 

,.a809 

*7636 

13  ■0958 

....S8 

8.96a.7 

mI^ 

Bj66s 

^■04S8 

■  ..187 

84.3867 

;.a958 

■0769s 

11,9961 

lo-iV89 

8,91510 

.11983 

I.. 9469 

8,89.85 

V.6S»>g 

.01 7  S3 

l  =  Ji98. 

lo:5>36 

8a6S6a 

.13047 

7.66466 

ajjSa 

H&I96 

.oj8ii 

8,84551 

,13076 

.0781. 

..■80M 

:iiS 

.13106 

■07841 

■I-JS36 

.09600 

8^79964 

.13136 

7-6.18; 

ijBTO 

II.706J 

-09619 

.0,3854 

8.77689 

■13 165 

I-S957S 

..■659' 

■09658 

10,3538 

8,JS4as 

*?!1^ 

0,688 

.1145a 

8-73171 

l:UV4 

19.5660 

■0971) 

-..481 

8-7093. 

.13154 

7-S4487 

«8o4S 

.00746 

8-68701 

■  13184 

7-53806 

Ij1i88 

SE 

!113 

.11570 

8.6648a 

8-64aj; 

;ss 

■080JS 

.=■3838 

.09834 

10,1683 

.11600 

8,6ao78 

7.47806 

a8i04 

■09864 

.0,1381 

.i.6a9 

8-59893 

■  1340a 

7-46154 

.081 J4 

!'i^ 

■09893 

10.1080 

.11659 

8,577.8 

■  13431 

7-44S09 

.08163 

la.ajos 

*99aj 

.0.0780 

.1.688 

8.SS5SS 

-.346- 

7-4187. 

ia.ao(i7 

,..7.8 

la^ifisa 

■0998. 

.0,0187 

8:s'aS9 

7-396.6 

.oSasi 

9,98931 

.11777 

8,49iaa 

..3550 

■08J80 

9,9600? 

.1.S06 

8,47007 

.13580 

tu^ 

.aS3«> 

,10069 

.11836 

8^4896 

.13600 

7-34786 

■oSjJB 

■  10099 

s 

...865 

8-4a795 

i^iw 

l!:?^* 

,ioiaS 
.10158 

.11895 

1:^ 

j|6§! 

730018 

.oS^J 

■  .■S673 

,,0,87 

9,8.641 

,11054 

8,36555 

.13718 

7-l844a 

.08456 

ii.Sa6a 

,10a  16 

9^!88lJ 

-11983 

8^4496 

.i3rs8 

7-«6873 

Xi 

;i:;a 

,10246 

9,76009 

I^a 

8,3a446 
8.30406 

:3S 

J»37S4 

-08^4 

II-J04J 

9.30441 

8-a8376 

.13846 

I-i™* 

*8SJ3 

;;» 

9.67680 

8-16355 

.13876 

.<>86« 

.10361 

8-'43« 

-13906 

■oMsa 

11.5853 

9^6aaoS 

;.a.6o 

8.ai344 

.13935 

flSMi 

11.5461 

9.5049O 

.laiBO 

8.»3S» 

.1396S 

7-t6o7. 

■0S69D 

8,18370 

714553 

.=8,» 

11:^1 

-.0481 

9^S4io6 

,ija49 

8.16398 

■08749 

11J301 

0-51436 

.laajS 

8.144JS 

IAN 

50    "*■ 
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84= 

C0-TA«g 
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8< 

> 

9* 

5     1 

10^     11 

IV           I 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

.14054 

7^H537 

.15838 

6.31375 

.17633 

5.67128 

.19438 

5.14455 

.14084 

7.10038 

.15868 

6.30189 

.17663 

5.66165 

.19468 

5^13658 

.14113 

7.08546 

.15898 

6.29007 

.17693 

5-65205 

.19498 

5.12863 

.14143 

7.07059 

.15928 

6.27829 

.17723 

5.64248 

.19529 

5.12069 

.14173 

7.05579 

.15958 

6.26655 

.17753 

5-63295 

.19559 

5.11279 

.14203 

7.04105 

.15988 

6.25486 

.17783 

5-62344 

.19589 

5.10490 

.14232 

7.02637 

.16017 

6.24321 

.17813 

5-61397 

.19619 

5.09704  ' 

.14263 

7.01174 

.16047 

6.23160 

.17843 

5-60452 

.19649 

5.08921 

.14291 

6.99718 

.16077 

6.22003 

.17873 

5-59511 

.19680 

5-08139 

•14321 

6.98268 

.16107 

6.20851 

.17903 

5-58573 

.19710 

5.07360 

.14351 

6.96823 

.16137 

6.19703 

.17933 

5-57638 

.19740 

5.06584 

.14381 

6.95385 

.16167 

6.18559 

.17963 

5-56706 

.19770 

5-05809 

.14410 

6.93952 

.16196 

6.17419 

.17993 

5-55777 

.19801 

5-05037 

.14440 

6.92525 

.16226 

6.16283 

.18023 

5-54851 

.19831 

5.04267 

.14470 

6.91104 

.16256 

6.15151 

.18053 

5-53927 

.19861 

5.03499 

•14499 

6.89688 

.16286 

6.14023 

.18083 

5-53007 

.19891 

5.02734 

.14529 

6.88278 

.16316 

6.12899 

.18113 

5.52090 

.19921 

5-01971 

•14S59 

6-86874 

.16346 

6.11779 

.18143 

5-51176 

.19952 

5.01210 

.14588 

6.85475 

.16376 

6.10664 

.18173 

5.50264 

.19983 

5.00451 

.14618 

6.84083 

.16405 

6.09553 

.18203 

5-49356 

.20013 

4.9969s 

.14648 

6.83694 

.16435 

6.08444 

.18233 

5-48451 

.20043 

4.98940 

.14678 

6.81313 

.16465 

6.07340 

.18263 

5-47548 

.30073 

4.98188 

.14707 

6.79936 

.16495 

6.06240 

.18293 

5.46648 

.30103 

4.97438 

-14737 

6.78564 

.16525 

6.05143 

.18323 

S-45751 

.30I33 

4.96690 

•14767 

6.77199 

.16555 

6.04051 

.18353 

5-44857 

.30164 

4-95945 

.14796 

6.75838 

.16585 

6.02962 

.18383 

5-43966 

.30194 

4.95201 

.14836 

6.74483 

.16615 

6.01878 

.18414 

5-43077 

.30224 

4.94460 

.14856 

6.73133 

.16645 

6.00797 

.18444 

S-42192 

.30354 

4-93721 

.14886 

6.71789 

.16674 

5.99720 

.18474 

5-41309 

.30285 

4-92984 

•1491s 

6.70450 

.16704 

5-98646 

.18504 

5.40429 

.20315 

4.92249 

.14945 

6.69116 

.16734 

5-97576 

.18534 

5-39552 

.20345 

4.915 16 

•14975 

6.C7787 

.16764 

5.96510 

.18564 

5-38677 

.30376 

4-90785 

.15005 

6.66463 

.16794 

5-95448 

.18594 

5-37805 

.20406 

4-90056 

.15034 

6.65144 

.16824 

5-94390 

.18624 

536936 

.20436 

4.89330 

.15064 

6.O3831 

.16854 

5-93335 

.18654 

5.36070 

.30466 

4^3605 

.15094 

6.63523 

.16884 

5-9^283 

.18684 

S-35206 

.30497 

4.87883 

•15124 

6.61219 

.16914 

5-91235 

.18714 

5-34345 

.20527 

4.87163 

.15153 

6.59921 

.16944 

5.90191 

.18745 

5-33487 

•20S57 

4.86444 

•15183 

6.58637 

.16974 

5.89151 

.18775 

5.32631 

.20588 

4-85727 

•15213 

6.57339 

.17004 

5.88114 

.18805 

5-31778 

.20618 

4.85013 

•15243 

6.56055 

.17033 

S-87080 

.18835 

5.30928 

.20648 

4.84300 

.15272 

6.54777 

.17063 

5.86051 

.18865 

5.30080 

.20679 

4-83590 

.15303 

6.53503 

.17093 

5-85024 

.18895 

529235 

.20709 

4.82882 

.15333 

6.53234 

.17123 

5.84001 

.18925 

5-28393 

.20739 

4.82175 

.15362 

6.50970 

.17153 

5.82983 

.1895s 

5-27553 

.20770 

4.81471 

.15391 

6.49710 

.17183 

5.81966 

.18986 

5-26715 

.20800 

4.80769 

.15421 

6.48456 

.17213 

5.80953 

.19016 

5.25880 

.20830 

4.80068 

.15451 

6.47306 

.17243 

5-79944 

.19046 

5-25048 

.20861 

4-79370 

.15481 

6.45961 

.17273 

S.78938 

.19076 

5.24218 

.20891 

4.78673 

.15511 

6.44720 

.17303 

5-77936 

.19106 

5-23391 

.20921 

4.77978 

.15540 

6.43484 

.17333 

5.76937 

.19136 

5.22566 

.30953 

4.77286 

.15570 

6.42353 

.17363 

5-75941 

.19166 

5-21744 

.30982 

4.76595 

.15600 

6.41026 

.17393 

5-74949 

.19197 

5.20925 

.31013 

4.75906 

.15630 

6.39804 

.17423 

573960 

.19227 

5.20107 

.31043 

4-75219 

.15660 

6.38587 

.17453 

5.72974 

.19257 

519293 

.31073 

4-74534 

.15689 

6.37374 

.17483 

5-71992 

.19287 

5.18480 

.31104 

4-73851 

.15719 

6.36165 

.17513 

5-71013 

.19317 

5.17671 

.21134 

4-73170 

.15749 

6.34961 

•17543 

5.70037 

.19347 

5-16863 

.21164 

4.72490 

.15779 

6.33761 

•17573 

5.69064 

.19378 

5.16058 

.21195 

4.71813 

.15809 

6.32566 

.17603 

5.68094 

.19408 

5-15256 

.31335 

4-71137 

.15838 

6.31375 

.17633 

5.67138 

.19438 

5-14455 

.31256 

4-70463 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

Co-TAN. 

Tan. 

8 

1« 

8 

Qo     1 

7 

QO 

7 

80 

60 

59 
58 
57 
56 

55 
54 
53 
52 
SI 
SO 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 

38 

27 
36 

25 
24 

23 
33 
21 
39 

19 
18 

17 
16 

IS 
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13 

13 
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10 

9 

8 
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6 
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4 

3 
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X 
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Co-tax.      Tam. 
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TjU.     Co-mn.      Tan. 


a; 


Tin.      CO-IAM. 
i.48»l6 

1^63 


Tab.     Co-TAH. 


tiu 


]^l 


.65430 


l'j7778 


.64487 

A4610 

*465a 

JS4S1T 
.64SSS 


■65854 
■05938 


i-S6b6» 

i.-;Mii8 


1.JS866 
i-5s;« 
1.SS666 


■68358 
,68301 

,683« 


1.46778 


ais 


.66356 

AS3»8 


1-48536 
l^844» 

1.48^6 


..44738   , 
1.44688 

■  ■44S98 


;a^ 


■■38738 
1:3856! 

1.38#4 


Co-TAN,        Tam. 
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36» 

37" 

38» 

39* 

^ 

Tab. 

Co-T*B. 

Tan. 

CO-TAH. 

T«.. 

Co-tan. 

Ta«. 

Cl>TAlI. 

~ 

■-37638 

.78119 

A.978 

1-13490 

J 

■7 1690 

-75447 

.:3i6l4 

.78!?5 

WlltZ 

■81075 

t 

:?"g8 

I '37386 

:78i6j 

..17764 

-a... 3 

.71833 

ijfs's 

1.3'384 

.78316 

1.17688 

1.33.96 

5« 

1 

.7'8n 

l!|?^8 

sa 

■78363 

1.17535 

.8111D 
.8.168 

ijiB* 

■75675 

.78457 

..17458 

I 

iSI 

1.31064 

.78504 

..1738. 

.8.364 

1.31984 

.785  5" 

..17306 

.8.4.3 

r.3383. 

..J680I 

;;s8i= 

■78598 

.8.46. 

l.«7S8 

.Js8j8 

1.31815 

■I8«45 

.S.f^o 

.J168S 

:73i89 

■75904 

1. 3 '745 

■7S691 

JI.558 

*s 

>4 

;:^«:s 

■7S9SO 
■75W6 

1.31666 
1.31586 

■787|9 

is; 

.8.606 
Ji«5S 

IS 

i 

li 

■ii 

I.flt.lOO 

-76041 
.76088 

1.314=7 

■^ 

..16849 

||7|3 

.76134 

1.31348 

:789l8 

.!a6698 

i.m^O 

11 

.76180 

..3i«io 

■78975 

1.1661] 

.8.849 

1.31176 

■MSoa 

I-jloJI 

■7&.16 

..165,6 

.8.898 

.-ii.geg 

.76171 

..16471 

.8.946 

I.35^S 

■76318 

.-16395 

"K 

:r365T 

i.SjSm 

■76364 

I.30OSI 

1.163  T9 

.81044 

3» 

.73Ml 

■76410 

1.30873 

1.J6144 

|«9J 

I.3.SI4 

.737"* 

r-3S6j7 

.76456 

IJ0795 

1.16169 

i->i74a 

36 

■76501 

1.W716 

■79306 

I-rfoi,, 

.^!Ji 

1...6JO 

:?^IJ 

I-3S47» 

■J6S48 

■.30637 

1. 16018 

.S1138 

I.J.598 

.73861 

1.35389 

1.30558 

..iSp43 

l.ai5«S 

iS 

.73906 

■  .304S0 

i.i5iej 

I.11454 

:79496 

..JST61 

;-^;38. 

■73996 

i.3S>4« 

.76753 

.81434 

■  .35060 

1.15641 

.81483 

I.J.118 

:!4o8« 

'■3*978 

■768JS 

1,30166 

1.1S567 

.8153. 

■  J.. 66 

s 

■  ■W 

.,687- 

1.300*7 

■79686 

.8=580 

n 

:53l76 

1 .3481. 

■,69'8 

1.3DOO9 

■79754 

ii6i9 
.8 1678 

a 

.76964 

.7078. 

.-1S343 

I-309J. 

if 

:?"6j 

I.346JO 
I-34S68 

1.19775 

,79819 
.79877 

■■i;i6a 
..15.93 

is 

.J0879 

n 

y 

;;j^j 
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.17365 
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.20791 

.97815 

.15672 

.98764 

.17393 
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.19109 

.98157 

.20820 

.97809 
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.19138 
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.97803 

.15730 

.98755 

.17451 

.98466 
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.20877 

.97797 

.15758 

.98751 

.17479 

.98461 

•19195 

.98140 

.20905 

•97791 

.15787 

.98746 

.17508 

.98455 

.19224 

.98135 

.20933 

.97784 

.15816 

.98741 

.17537 

.98450 

.19252 

.98129 

.20962 

.97778 

•15845 

.98737 

.17565 

.98445 

.19281 

.98124 

.20990 

.97772 

.15873 

•98732 

•17594 

.98440 

.19309 

.98118 

.21019 

•97766 

.15902 

.98738 

.17623 

•98435 

•19338 

.98112 

.21047 

.97760 

.15931 

.98723 

.17651 

.98430 

.19366 

.98107 

.21076 

•97754 

•15959 

.98718 

.17680 

.98425 

•19395 

.98101 

.21x04 

•97748 

•15988 

.98714 

.17708 

.98420 

.19423 

.98096 

.21132 

.97742 

.16017 

.98709 

.17737 

.98414 

.19452 

.98090 
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•97735 

.16046 

.98704 

.17766 

.98409 

.19481 

.98084 

.aii89 

•97729 

.16074 

.98700 

.17794 

.98404 

•19509 

.98079 

.21218 

•97723 

.16103 

.98695 
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.98399 

.19538 

.98073 

.21246 

.97717 

.1613a 

.98690 

.17852 

.98394 
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.98067 
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.97711 
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.98689 
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.98389 

.19595 
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•17937 
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.17995 
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.98039 
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.19737 
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.18109 
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.98341 

.19851 
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.98638 
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.98336 
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.19908 

.97987 
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•16734 

.98590 

.18452 

.98283 
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'9 
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38 
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JS736 
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« 
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IS 
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06253 

.,8764 
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Jg 
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■.893. 

.25601 

.96667 

.272B4 
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457. S 
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sa 
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.96660 
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£K 
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^>6645 
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.96638 
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J40SI 
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'^il 
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SB 
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Cosnns 

Sins 
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Cosine 

Sine 
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/ 

.29237 

.95630 

.30902. 

.95106 

.32557 

•94552 

.34202 

•93969 

60 

.29265 

.95622 

.30929 

•95097 

.32584 

•94542 

•34229 

•93959 

5g 

.29293 

.95613 

.30957 

.95088 

.32612 

•94533 

•34257 

.93949 

58 

.29321 

.95605 

•30985 

•95079 

.32639 

•94523 

.34284 

•93939 

57 

.29348 

.95596 

.31012 

.95070 

.32667 

•94514 

•34311 

.93929 

56 

.29376 

.95588 

.31040 

.95061 

.32694 

•94504 

.34339 

•93919 

55 

.29404 

.95579 

.31068 

•95052 

.32722 

•94495 

•34366 

•93909 

54 

.29432 

.95571 

•3109s 

•95043 

•32749 

.94485 

.34393 

.93899 

53 

.29460 

•95562 

.31123 

.95033 

.32777 

•94476 

.34421 

.93889 

52 

.29487 

.95554 

.31151 

•95024 

.32804 

.94466 

.34448 

•93879 

51 

.2951S 

•95545 

.31178 

•95015 

.32832 

•94457 

•34475 

.93869 

50 

.29543 

.95536 

.31206 

•95006 

•32859 

.94447 

•34503 

•93859 

49 

.29571 

.95528 

.31233 
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.32887 

•94438 

•34530 

•93849 

48 
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.31261 

•94988 

.32914 

.94428 

•34557 

•93839 

47 

.39636 
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.31289 

.94979 

.32942 
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•34584 

.93829 

46 
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.95502 

.31316 

•94970 
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.34612 

•93819 

45 

.2968a 

.95493 

.31344 

.94961 
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•34639 
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44 

.29710 
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•94952 
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43 
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36 
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35 
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.34912 
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34 
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.95398 

.3x648 

.94860 

.33298 

•94293 

.34939 

•93698 

33 

.30015 

•95389 
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.94851 

.33326 

.94284 

.34966 

.93688 

32 

.30043 

•95380 

•31703 

.94842 

.33353 

•94274 

•34993 

•93677 

31 

.30071 

•95372 

•31730 

•94832 

.33381 

.94264 

.35021 

.93667 

30 

.30098 

•95363 

.31758 

•94823 

.33408 

.94254 

.35048 

•93657 

29 
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•95354 

.31786 

.94814 
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•94245 
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28 
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27 
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.33545 
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24 
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•93596 

23 

.30292 
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.35239 
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22 
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•94740 
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•94730 
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36344 
36371 
36398 

36325 
36352 
36379 
36406 

36434 
36461 

36488 
36515 
36542 
36569 
36596 
36633 
36650 

36677 
36704 

36731 
36758 

36785 
36S13 

36839 
36867 

36894 
36931 

36948 
36975 
37002 
37039 
37056 
37083 
37110 

37137 
37164 
37191 
37218 

3724s 
37272 
37299 
37326 

37353 
37380 

37407 
37434 
37461 


-93358 
-93348 
-93337  . 
-93327  I 
-93316 
-93306 

-93295  . 

-9328s  , 

■93274  , 

-93264  I 

-93253 

-93243 

-93232 

•93223  , 

•93211 

^3301 

•93190  •' 

•93180 

•93169 
•93159 
•93148 

•93137 
•93127 
•93116 
•93106 

•93095 
•93084 
•93074 
•93063 
•93052 
•93042 

•93031 
^3020 
^3010 

•92999 
^3988 

.92978 
•92967 
.92956 
.92945 
.92935 

.92924 
.92913 
.93903 
4)3893 
.93881 
.93870 

.92859 
.93849 
4)3838 
4)3827 

4)2816 
4)3805 
4)3794 
.93784 

.92773 
4)3763 

.92751 
.9^740 
.92739 
.93718 


Cosine  I  Sine 
6&* 


37461 
37488 

37515 
37542 
37569 

37595 
37633 

37649 
37676 

37703 
37730 

37757 
37784 
37811 
37838 
3786s 
37892 
37919 
37946 
37973 
37999 
38036 

38053 
38080 

38107 

38134 
38161 
38x88 
3831s 
38341 
38268 

38395 
38323 

38349 
38376 

38403 
38430 
38456 

38483 
38510 

38537 

38564 
38591 
38617 

38644 
38671 
38698 

3872s 
38752 
38778 
3880s 

38832 

38859 
38886 

38912 

38939 
38966 

38993 
39030 
39046 
39073 


-92718 
411x707 
•92697 

•9267s 
4^2664 

-92653 
.92642 
•92631 
4^3630 
•92609 

-92598 
•92587  !} 

4P576  ' 

.92565 

4P554 

-92543 

•92532 

4)3531 

-92510 
•92499 
.93488 
.92477 

4)3466 

.92455 

4)3444 
.92432 

4)3431 

4)3410 

.92399 
.92388 

.92377 
4)2366 

.92355 
•93343 
•92332 
4)33^1 
4)2310 
•92299 
4)3387 
4)3376 

4)3365 
.92254 

.92243 
.92331 

4)3330 
4)3  309 
4)2198 

4)2x86 

.92175 

4)2164 

.92x52 
.93X4X 
4)2130 
4)3XX9 
.93x07 
4)3096 
.92085 
.92073 

.92063 
.93050 


Cosine      Sine 

67° 


-39073 

4)ao9o 

-39100 

.92039 

-39127 

4)0038 

-39153 

4)00x6 

-39180 

•9MOS 

-39»7 

4>i994 

•39234 

4)1983 

-39260 

-91971 

.39287 

-91959 

-39314 

.91948 

-39341 

-91936 

-39367 

-91925 

-39394 

-91914 

.39421 

•91903 

-39448 

•91891 

.39474 

4)1879 

-39501 

4)i868 

.39528 

^1856 

-39555 

•91845 

-39581 

4)1833 

.39608 

4)1833 

.39635 

4)x8io 

.39661 

-91799 

.39688 

.91787 

.39715 

•9177s 

.39741 

•91764 

.39768 

4>1752 

.39795 

4)1741 

.39823 

.91729 

.39848 

4)17x8 

.39875 

4)i7o6 

.39903 

.91694 

.39928 

4)x683 

•39955 

4)x67i 

.39982 

4)x66o 

.40008 

.9x648 

.40035 

4)x636 

.40063 

.91625 

.40088 

4)i6i3 

-40x15 

4)1 601 

.40x41 

.91590 

wtox68 

.91578 

^0195 

.91566 

^032I 

•91555 

^0248 

^)1543 

.40375 

.91531 

^030X 

.91519 

.40328 

4)i5o8 

.40355 

4)1496 

^0381 

.91484 

V40408 

4)1472 

.40434 

.9X46X 

.4046X 

4)1449 

.40488 

^)I437 

.40514 

4)1425 

.40541 

4)14x4 

.40567 

.9x408 

.40594 

.91390 

.406a  X 

.91378 

.40647 

4)1366 

.40674 

.91355 

Cosine 

Sine 

ei 

>° 

-91355   » 


-90753 
-•0780 


-•0833 


-90913 


i  -9130 
.91331 

.91319 
I  .91307 
.91295 

.91283 
.91373 
4)X36o 
.9134S 

^91334 


.41019 
-41045 
.41072 
-♦1098 
.41135 

.41151 
.41x78 


.41231 
-fi2S7 
-#1284 
-fi3io 
-fi337 
.41363 
-#1390 
.41416 

.41443 
.41469 
.41496 
.41522 
.41549 
•41575 
.41602 
.4x638 

.41655 
.41681 

.41707 

.41734 

.41760 

.41787 
.418x3 
.4x840 
.41866 
.41892 
-41919 
-41945 
-41972 
.41998 

.43034 
-42051 
-43077 
-43x04 
-42x30 
.43x56 

-42183 
.43309 
.42335 
.43362 


3» 
5> 

ST 

**   I 

3 

5*' 

3 
52 

'? 

9 


.91213  ;  4 


4)1300 

4)1x88 
-91176 
-91164 
-91152 
-91140 
J91138 
-9x1x6 

•91104 
.91092 
J9108D 
4)io68 
4)1056 

.91044 
4)1033 

4)XO30 

4)ioo8 
-90996 

.90984 
4)0972 
4)0960 

-90948 
4)0936 


41 
41 

4t 

31 

35 
M 
33 

P 

P 

2 

It 


1* 

li 

! 

If 

Hi 


Cosine      Sinb 


NATURAL  SINES  AND  COSINES 


863 


25*    1 

26*^    1 

2r      I 

28*    1 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

.42362 

.90631 

.43837 

.89879 

.45399 

.8910X 

46947 

.88295 

.42288 

.90618 

.43863 

J&9&67 

•45425 

.89087 

46973 

.88281 

.4231S 

.90606 

.45889 

.89854 

-♦5451 

.89074 

46999 

.88367 

.42341 

•90594 

.43916 

.89841 

.45477 

.89061 

47024 

.88254 

.42367 

.90582 

.43943 

.89828 

.45503 

.89048 

47050 

.88340 

.42394 

•90569 

.43968 

.89816 

45529 

.89035 

47076 

.88336 

.42420 

.90557 

.43994 

.89803 

.45554 

.89021 

47I01 

.883x3 

.42446 

.90545 

.44020 

.89790 

.45580 

.89008 

47137 

.88199 

.42473 

.90532 

.44046 

•89777 

45606 

•?f«>gS 

47153 

.88185 

.42499 

.90520 

•44072 

.89764 

-45632 

.88981 

47178 

•S'72 

.42525 

•90507 

.44098 

.89752 

45658 

.88968 

47204 

.88158 

.42552 

.90495 

-44124 

.89739 

45684 

.88955 

47329 

.88144 

.42578 

•90483 

.44151 

.89736 

.45710 

.88943 

^7V5 

•??'2° 

.42604 

.90470 

.44177 

.89713 

45736 

.88938 

4738X 

.881x7 

.42631 

•90458 

•44203 

.89700 

45763 

.88915 

47306 

.88x03 

.42657 

•90446 

-44229 

.89687 

45787 

.88902 

^7332 

.88089 

.42683 

•90433 

-44255 

.89674 

.45813 

.88888 

^7358 

.88075 

.42709 

.90421 

.44281 

.89663 

^5839 

.88875 

47383 

.88063 

.42736 

.90408 

•44307 

.89649 

45865 

.88862 

.47409 

.88048 

.42762 

•90396 

.44333 

.89636 

45891 

.888-18 

47434 

.88034 

.42788 

•90383 

•44359 

.89633 

45917 

.88835 

47460 

.88020 

.42815 

•90371 

.44385 

.89610 

45942 

.88823 

47486 

Mno6 

.42841 

•90358 

.44411 

.89597 

45968 

.88808 

475" 

.87993 

.42867 

•.90346 

-t4437 

.89584 

.45994 

.88795 

•47537 

.87979 

.42894 

•90334 

.44464 

.89571 

.46030 

.88783 

.47562 

.87965 

.42920 

.90321 

.44490 

.89558 

.46046 

.887^8 

47588 

.87951 

.42946 

•90309 

.44516 

.89545 

.46073 

.88755 

476x4 

.87937 

.42972 

.90296 

.44542 

.89532 

.46097 

.88741 

•47639 

-87923 

.42999 

.90284 

.44568 

.89519 

.46123 

.88728 

47665 

.87909 

-43025 

.90271 

•44594 

.89506 

.46149 

.8871s 

47690 

.87896 

.43051 

•90259 

.44620 

«9493 

46175 

.88701 

477x6 

.87883 

.43077 

.90246 

WI4646 

.89480 

46301 

.88688 

47741 

.87868 

•  -43104 

•90233 

-44672 

.89467 

.46236 

.88674 

47767 

-87854 

.43130 

.90221 

.44698 

.89454 

.46353 

.88661 

•47793 

.87840 

-43156 

.90208 

.44724 

.89441 

.46378 

.88647 

478x8 

.87836 

-43182 

.90196 

.44750 

.89428 

.46304 

.88634 

47844 

.878x2 

.43209 

.90183 

.44776 

.89415 

.46330 

.88630 

47869 

.87798 

-4323s 

.90171 

.44803 

.89402 

.46355 

.88607 

47895 

.87784 

.43261 

•90158 

.44828 

.89389 

.46381 

.88593 

47920 

.87770 

.43287 

.90x46 

.44854 

A)376 

.46407 

.88580 

47946 

.87756 

-43313 

.90133 

./1 4880 

.89363 

.46433 

.88566 

47971 

.87743 

-43340 

.90120 

.44906 

.89350 

46458 

.88553 

-47997 

.87729 

.43366 

.90108 

•44932 

.89337 

46484 

.88539 

.48033 

.87715 

.43392 

.90095 

.44958 

.89324 

.46510 

.88536 

48048 

.8770X 

.43418 

.90082 

•44984 

.89311 

46536 

.88512 

.48073 

.87687 

.43445 

.90070 

45010 

.89298 

46561 

.88499 

48099 

.87673 

.43471 

.90057 

.45036 

.89285 

46587 

.88485 

48134 

.87659 

-43497 

.90045 

.45062 

.89272 

.46613 

.88472 

48150 

.87645 

•43523 

.90032 

.45088 

.89259 

.46639 

.88458 

.48175 

.8763X 

.43549 

.90019 

.45114 

.89245 

.46664 

.88445 

.48201 

.876x7 

•43575 

.90007 

.45140 

.89233 

.46690 

.88431 

48336 

-87603 

.43602 

.89994 

.45166 

.89319 

.46716 

.88417 

.48353 

.87589 

■.43628 

.89981 

45192 

.89306 

.46742 

.88404 

48377 

.87575 

•43654 

.89968 

.45218 

.89193 

.46767 

.88390 

.48303 

.87561 

.43680 

.89956 

.45243 

.89180 

46793 

•Sf377 

.48328 

.87546 

•43706 

•89943 

.45269 

.89167 

.46819 

•S363 

.48354 

.87532 

•43733 

•89930 

.45295 

.89153 

46844 

.88349 

.48379 

-87518 

-43759 

.89918 

.45321 

.89140 

.46870 

.88336 

4840s 

.87504 

•43785 

.89905 

.45347 

.89137 

.46896 

.88333 

48430 

.87490 

.43811 

.89892 

.45373 

.89114 

.46921 

.88308 

.48456 

37476 

-43837 

.89879 

.45399 

.89101 

.46947 

.88295 

.4848X 

.87463 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

6^ 

1^ 

6; 

30 

6! 

2^ 

6 

I* 

60 

59 

S8 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 

41 
40 

38 
37 
36 
35 
34 
33 
33 
31 
30 

28 

27 
26 

25 

24 
23 

22 

21 
30 

x8 

17 

x6 
15 
14 
13 
xa 

II 
xo 

9 
8 

7 
6 

5 
4 
3 

a 
I 
o 


864 


GENERAL  TABLES  AND  FORMULu£ 


29<»    1 

ZXf         1 

3] 

I**       L 

1    32^    1 

/ 

Sdoe 

Cofione 

SlNZ 

COSOCE 

.SlHB 

CosDnH  5kinc 

fWsm 

$ 

o 

^«a4Si 

.87462 

j50ooq 

i^ 

•51504 

.85717 

-5399* 

A1805 

fe 

I 

-•8506 

.87448 

.50025 

JS6588 

.5x539 

-85703 

.53017 

-84789)39 

a 

-48532 

.87434 

.50050 

.86573 

•51554 

-85687 

.53041 

-84774  jS 

3 

-48557 

.87420 

.50076 

£6s59 

-51579 

.85672 

•53066 

-84759  57 

4 

-18583 

.87406 

.50IOX 

^544 

.51604 

-85657 

•53091 

-84743  56 

5 

.48^)08 

.87391 

.50126 

.86530 

.51628 

.85643 

-53115 

-84738 

55 

6 

•48634 

.87377 

.50151 

^515 

•51653 

.85637 

■53140 

-84713 

» 

7 

.48659 

-87363 

.50176 

■?^' 

.5x678 

.85613 

-53164 

-84697 

S3 

8 

-18684 

.87349 

.5020X 

^486 

.5x703 

-85597 

-53189 

.84681 

s» 

9 

-48710 

-87335 

.50227 

.86471 

.5x738 

.85583 

-53214 

■ct^Ciod 

51 

lO 

•48735 

.87321 

.50352 

.86457 

•51753 

-85567 

•53238 

A465D 

S9 

XI 

-18761 

.87306 

•50377 

.86442 

.51778 

.85551 

•53263 

-84635 

m 

13 

-18786 

.87292 

.50303 

.86427 

•S1803 

.85536 

-53288 

-84619 

4S 

13 

4881X 

-87278 

.50327 

.86413 

.5x828 

.8552X 

-5331* 

-84604 

47 

14 

-•8837 

-87264 

.50352 

■86398 

.51852 

.85506 

•53337 

-8458S 

^ 

^S 

.48863 

.87250 

-50377 

■86384 

.51877 

.85491 

-53361 

-84573 

45 

i6 

.48888 

.87235 

-50403 

■86369 

•51902 

-85476 

•53386 

-84557 

44 

17 

-18913 

.87221 

-50428 

.86354 

.51927 

.85461 

•53411 

-84542 

43 

i8 

-18938 

.87207 

-50453 

.86340 

-51952 

.85446 

•53435 

AI536 

43 

>9 

-18964 

.87193 

.50478 

.86325 

.51977 

.85431 

•53460 

AI5II 

41 

so 

-48989 

.87178 

-50503 

.86310 

.53003 

.85416 

•53484 

.84495 

*> 

ax 

-49014 

.87164 

.50538 

.86295 

.53036 

.85401 

-53509 

Am8o 

59 

33 

-49040 

.87150 

-50553 

it628x 

•5205X 

.85385 

•53534 

-84464 

jS 

23 

-49065 

.87136 

.50578 

.86266 

.52076 

.85370 

■53558 

-84448 

37 

24 

-49090 

.87121 

.50603 

.86251 

.52XOX 

.85355 

.53583 

■84433 

36 

«5 

-49"6 

.87107 

.50628 

.86237 

.53136 

.85340 

.53607 

-84417 

35 

36 

-49141 

•87093 

•50654 

i)6223 

•52151 

.85325 

•53632 

-84403 

34 

37 

49166 

•87079 

.50679 

JV)207 

•52175 

.85310 

•53656 

A1386 

33 

38 

-49193 

.87064 

.50704 

.86192 

.53300 

.85294 

•53681 

■84370 

32 

39 

-49217 

.87050 

.50729 

.86178 

-52335 

.85279 

.53705 

■84355 

31 

30 

-49242 

.87036 

.50754 

.86163 

•53350 

.85264 

•53730 

-84339 

3» 

3Z 

-49268 

.87021 

.50779 

.86148 

•52375 

.85249 

•53754 

-84324 

9 

33 

-49293 

•87007 

.50804 

.86133 

•52299 

.85234 

•53779 

-84308 

aS 

33 

-49318 

.86993 

.50829 

.86X19 

•52324 

.85218 

.53804 

.84393 

«T 

34 

-49344 

.86978 

.50854 

.86104 

•52349 

.85203 

.53828 

A»a77 

a6 

35 

•49369 

.86964 

•50879 

.86089 

•52374 

.85188 

.53853 

Af26l 

«5 

36 

-49394 

.86949 

.50904 

.86074 

■52399 

•85173 

.53877 

-84*45 

H 

37 

•49419 

^^35 

.50929 

.86059 

.52423 

•85157 

.53902 

-84330 

13 

38 

.49445 

.86921 

.50954 

.86045 

.52448 

•85142 

•53926 

A4214 

St 

39 

-49470 

.86906 

.50979 

.86030 

.52473 

.85127 

.53951 

.84198 

21 

40 

-49495 

.86892 

.51004 

.86015 

.52498 

.85113 

.53975 

.84183 

JO 

41 

.49521 

.86878 

.51029 

.86000 

.52523 

.85096 

.54000 

-84167 

19 

43 

-49546 

.86863 

•51054 

.85985 

.52547 

.85081 

.54034 

-84151 

rf 

43 

.49571 

.86849 

.51079 

.85970 

.52572 

.85066 

.54049 

-84135 

17 

44 

-49596 

.86834 

.51104 

.85956 

.52597 

.85051 

•54073 

.84x30 

16 

45 

-49623 

.86820 

•51129 

.85941 

.52621 

.85035 

•54097 

.84104 

IS 

46 

.49647 

.86805 

•51 154 

.85926 

.52646 

.85030 

.54133 

.84088 

U 

47 

.49672 

.86791 

.51179 

.85911 

.52671 

.85005 

.54146 

A4073 

13 

48 

.49697 

•86777 

.51204 

.85896 

.52696 

.84989 

.54171 

A4057 

u 

49 

•49723 

.86762 

•5x229 

.85881 

.52720 

.84974 

•54195 

II 

SO 

.49748 

.86748 

.51254 

.85866 

.52745 

.84959 

.54230 

.84035 

10 

SI 

.49773 

.86733 

•51279 

.85851 

.52770 

.84943 

•54244 

9 

Sa 

-49798 

.86719 

.51304 

.85836 

.52794 

.84928 

.54269 

.83994 

S 

53 

.49824 

.86704 

.51329 

.8582X 

.52819 

.84913 

.54293 

-83978 

7 

54 

•49849 

.86690 

.51354 

.85806 

.52844 

.84897 

.54317 

.83963 

6 

55 

.49874 

.86675 

.51379 

.85792 

.52869 

.84882 

.54342 

-83946 

5 

56 

.49899 

.86661 

.51404 

•85777 

•52893 

.84866 

.54366 

.83930 

4 

57 

.49924 

.86646 

.51429 

.85762 

.52918 

.84851 

.54391 

.839x5 

3 

S8 

•499SO 

.86632 

•51454 

.85747 

•52943 

.84836 

.54415 

.83899 

1 

§9 

.49975 

.86617 

.51479 

.85732 

.52967 

.84820 

•54440 

.83883 

1 

60 

.50000 

.86603 

.51504 

.85717 

•52992 

.84805 

•54464 

.83867 

0 

'/ 

Cosine 

SiNB 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sm 

# 

ai 

0^ 

5^ 

r 

bi 

^ 

5: 

r> 

NATURAL  SINES  AND  COSINKS 


86s 


Sine 

COSDIE 

3 

Sine 

COSDU 

3 

Son 

COSDJI 

3 

Srai 

COSKII 

.83S6J 

.81904 

.57358 

is 

&-») 

6a 

'■Sim 

.8385. 

:ffl 

.81887 

■57381 

Aj88s 

JiSjs 

.S187I 

AJ867 

58 

,838.9 

.8.831 

.80850 

57 

■;ii 

1^ 

S 

1=839 

'-lu" 

■Si 

-80833 

56 

.54610 

.8377a 

-S6064 

SiS 

*JK 

'546J5 

.83756 

.56088 

.81790 

-SS043 

■S46S9 

■83740 

-56111 

-57548 

.8,781 

■S«u67 

t,1l 

» 

.837J4 

.56,36 

■81757 

■81765 

.83708 

.56.6= 

■B174. 

■"596 

.S1748 

.B0730 

I47S6 

JI^tS 

:sa 

.3l7>4 
.81708 

-5J619 
■57643 

.81714 

;S: 

is 

S 

■54181 

.83660 

.56.3. 

.81691 

.57667 

ilSS 

» 

■80679 

47 

-S4SSS 

■8364s 

:S 

.81675 

.57691 

-80661 

46 

.836IB 

.81659 

.8,664 

.59' 3, 

.80644 

-sisH 

■8iOT3 

.56305 

.81643 

:"V^ 

■  ,647 

,59154 

.80617 

-S4S78 

■83597 

-56339 

.Si6>6 

.57761 

.8,63, 

.59- 78 

■83581 

.81610 

-57)86 

J1614 

*>593 

41 

■8356s 

■81593 

.57810 

.80576 

'HdSl 

.83340 

:s64oi 

■8)577 

-57833 

.8,580 

■S9148 

A>55« 

■564*5 

■81561 

i?l^r 

■81563 

AJ54I 

1 

.83! I 7 

.56449 

■81544 

■8,546 

■59)95 

A>S14 

s 

.8J50. 

-56473 

.8)518 

■57904 

-593-8 

AJ507 

■S34S5 

■56497 

.8)511 

-57918 

■8,5,3 

■59341 

A,(8o 

36 

■83469 

.56511 

-8)495 

.8,496 

■59365 

AJ471 

.83453 

■56S4S 

.8)478 

.57976 

.59389 

f'^S 

■83437 

.8)461 

■57999 

AJ438 

■56593 

J)446 

.58013 

.   ,445 

■59436 

A>4« 

.8340s 

.56617 

.58047 

.8,4)8 

.59459 

30403 

■83389 

.56641 

J)J'3 

.58070 

-S9481 

A>386 

30 

■sjjia 

■83373 

.56665 

■8.396 

.58054 

.8139! 

.595=4 

&.36S 

3 

■83356 

.56689 

il340 

.58,18 

■81378 

■80351 

!lS»66 

■81363 

.58,41 

■8,361 

'59551 

■80334 

)7 

■833'4 

■luil 

■81347 

.58,65 

■59576 

.803,6 

16 

B33oa 

.56760 

.8.330 

.58,8g 

.59599 

A1199 

:0^^ 

.83'*' 

.56784 

.813M 

.581,1 

.813,0 

.596.1 

.80181 

-83.76 

.S&Bt,8 

.58)36 

.59646 

A.164 

■SSJM 

.S31.60 

.56831 

.58160 

i\T4 

.59669 

.83-44 

;» 

j3 

.S8183 

.59693 

.80130 

isl^ 

.83»8 

.58307 

.59716 

.Soi,) 

■S5*So 

■83)11 

.56904 

.8113. 

.58330 

.81115 

■59  739 

f"'S 

.1S484 

-83195 

.569»8 

.81114 

.58354 

.   ,)o8 

■59763 

.8017S 

.83179 

.56951 

J1198 

■58378 

■59786 

,7 

-83163 

■569J6 

.8).8i 

.58401 

.59S09 

AJ143 

t6 

.81,65 

.5983. 

A.,)5 

isil! 

iVAl 

.8)148 

'■ll*^ 

.8,140 

-59856 

,8oTo8 

.53605 

.831 1! 

.58471 

.8,1)3 

■59879 

a™,. 

.55630 

■83098 

.58496 

.   II06 

■5990) 

-80073 

-S5654 

J(^ 

■5  709s 

.8)098 

-58519 

.   loSg 

-59916 

-s^^s 

■SS6J3 

.83066 

.810S, 

.58S« 

A3038 

.83050 

.8)065 

■58567 

9 

'IsjSfi 

.Cu 

:S7.67 

£1=48 

-S8590 

iioi? 

^°°ii 

8 

■83017 

.81031 

-586,4 

-79086 

■5S63? 

.79968 

1^5 

■57138 

.58661 

■80987 

.60065 

;?j8ii 

i. 

■57161 

S.W2 

.58684 

,80970 

A«89 

'79934 

.55847 

.!Ji86 

.81965 

.58708 

■80953 

.799,6 

.55871 
.55895 

ill^ 

|'949 

.5873- 

.80936 
.809, (, 

*SI|8 

:JS^ 

; 

■559 1 9 

.57358 

■58779 

J0901 

Jio,8) 

.79864 

Comm 

SiNI 

CoSINt 

Son 

Oum 

s™ 

Caam 

Sua 

5 

i" 

5 

" 

&< 

" 

5 

' 

OENER.XL  TABLES  AND  FORMULA 


nr 

38? 

sv 

40° 

• 

Srai 

Cos™ 

Cosunt 

So™ 

Cosine 

She 

Cosat 

:» 

.61566 

.788c I 

-64,79 

-J6604 

It 

sb 

.6ijSg 

.78783 

■61955 

^77696 

-6430, 

-76586 

3 

.19819 

Jii6i; 

.7876s 

■6,977 

.77678 

-6.3,3 

-76567 

i> 

J^i63X 

.78747 

■77660 

-64346 

.76548 

■"'S 

:s;i; 

-78719 

1^ 

.7764' 

.6436S 

-76530 

5* 

.78711 

■63045 

,77613 

-64390 

-76511 

1 

■797S8 

.78694 

■63068 

.7760s 

-76491 

iv'A 

.7S676 

-77586 

,6413s 

.J6473 

I 

.J8658 

i^i 

.77568 

■644S7 

.78640 

■63.3s 

-6447<> 

^76436 

^n 

:?S6ii 

.7861, 

.63158 

■64501 

.76417 

" 

.70671 

JS1341 

.7!.(<.4 
-7^i86 

■63180 
,63103 

■''wi 

s 

:K 

J 

1? 

Jii364 

i3 

■77476 

JS4S68 

.76361 

41 

:;S?;i 

*.8s; 

-77458 

.76341 

.79600 

■63171 

JS461J 

-76313 

4S 

i6 

.79583 

,63193 

-6463s 

,76304 

A)S76 

.795^5 

-'-'^'196 

■63316 

Ji4657 

,76186 

\l 

.61^1 

.-^^ 

■63338 

-77384 

-64679 

.76167 

j3o6^ 

wh^ 

-6336. 

-77366 

.6470. 

,76148 

A*4S 

-63383 

&(7,3 

-76119 

«> 

jSD66g 

.0=046 

.7S414 

■63406 

^746 

.76110 

.6°69i 

.7840s 

.63418 

A476S 

* 

.6JC91 

.78387 

A34S1 

J54790 

■76173 

5 

-78369 

iitl^ 

.64S11 

-76154 

3» 

% 

itojSi 

.78351 

-7J155 

AlBj4 

■76135 

JS 

1^784 

!79406 

-78333 

■63518 

.77=36 

.64856 

.76116 

.79388 

Aid 

.78315 

■63540 

.77118 

A,878 

.76097 

■63563 

Vnti 

*4901 

,76078 

*^H 

.61JJ9 

:?8i?J 

■63S8S 

■6.W13 

.76050 

^;6 

.78161 

.63608 

J5494S 

.76041 

.61174 

.63630 

-64967 

,760,1 

J 

:78ii; 

■63653 

^7^ 

.;Sio6 

.63675 

,6501. 

34 

i^ 

.JSiSS 

■6^698 

:77o38 

J5S033 

■75*6s 

Spil 

■6=^65 

-63710 

^sr-ss 

.759*6 

36 

:79"J9 

.61411 

■78134 

.63741 
■63765 

:"o|l 

.65077 

-S 

Jj 

38 

■?si?i 

^433 

.78116 
■7S098 

itl 

■7699J 

15 

:S 

": 

*!^ 

■J(HS8 

.7S0J9 

■63831 

,65166 

■75851 

■6150a 

.78061 

■63854 

.76959 

.65188 

■75831 

.61514 

.63877 

-76940 

J551.0 

.758.3 

a 

«i:,6 

.78^55 

■63899 

,76911 

.6513. 

■" 

■190*7 

liwi 

■S 

■639,1 

:^ 

ZU 

^75756 

t 

^ 

Is 

.,905. 

is 

,63989 

,76866 
-76847 

zt 

■75738 

" 

31 

:S 

IS 

"""6 

.64011 
-64033 

.76818 
-J6810 

'4^ 

'"^ 

" 

■78989 

■77897 

.64056 

■767*1 

.65386 

,75661 

61360 

.7898' 

,61718 

■77B79 

A^78 

£iiir» 

-75641 

; 

6'3»3 

.78^ 

,77861 

.64100 

,76754 

.75613 

61^ 

■78^ 

^61774 

■77843 

.64113 

■7673s 

.75604 

54 

'■4J1 

:£ 

.61819 

:?;^ 

■6414s 
Ji4>6T 

;S 

lii 

SS 

^ 

.18853 

-7667!) 

u 

■7885? 

■61S64 

.64111 

.76661 

,755'8 

.6,11; 

lis 

■76641 

A?s6i 

.76613 

fea 

-7S400 

te 

^,5*6 

;6i!^ 

.76604 

COBINE 

^SlMK 

Sim 

Cosi™ 

Smi 

52 

5 

H 

r 

4 

B- 

NATURAL  SINES  AND  COSINES 


867 


41° 
Sine      Cosine 


^5606 
^5628 
^5650 
U55672 

^5694 
j5s7i6 

.65738 
.65759 
.65781 
.65803 

.65835 

.65847 
^5869 
.65891 
.65913 
.6593s 
.65956 
.65978 
.66000 
.6603a 
.66044 

.66066 
.66088 
.66109 
.66131 

.66153 
.66175 
iS6i97 
.663x8 
.66340 
.6636a 

.66384 
.66306 
.66337 

.66349 
.66371 

.66393 
.66414 

iS6436 
.66458 
.66480 

.6650X 
.66523 
.66545 
.66566 
.66588 
.666x0 
.66633 
.66653 
.66675 
.66697 

.66718 
.66740 
.66763 
.66783 
.66805 
.66827 
J66848 
.66870 
.66891 
.669x3 


75471 
75453 
75433 
75414 
75395 
75375 
75356 

75337 
75318 

75399 
75380 

75361 

75241 
75233 
75203 
75184 
75165 
75146 
75136 

75107 
75088 

75069 
75050 
75030 
7SOIX 
74993 
74973 
74953 
74934 
7491 5 
74896 

74876 
74857 
74838 
74818 

74799 
74780 
74760 

74741 
74733 

74703 

74683 
74664 

74644 
74635 
74606 
74586 
74567 
74548 
74538 

74509 

74489 
74470 
74451 
74431 
74413 
74393 
74373 
74353 
74334 
74314 


Cosine      Sine 

48P 


42^ 
Sine      Cosine 


.669x3 
.66935 
.66956 
.66978 
.66999 
.67031 
.67043 
.67064 
.67086 
.67107 
.67139 

.67151 
.67173 

.67194 
.67315 
.67337 
.67358 
.67380 
.67301 
.67333 
.67344 
.67366 

.67387 
.67409 

.67430 
.67453 
^7473 
.67495 
.67516 

.67538 
.67559 
.67580 
US7603 
US7633 

-6764s 
.67666 
US7688 
US7709 
.67730 
.67753 
.67773 

.6779s 
.678x6 

.67837 
.67859 
.67880 
.67901 
.67933 
.67944 
.67965 
.67987 
.68008 
.68039 
.68051 
.68073 

.68093 
J6&11S 
.68136 

.68157 
.68179 
.68200 


74314 
7429s 
74276 

74356 
74237 
74217 
74198 
74178 
7H59 
74139 
74120 

74100 
74080 
74061 
74041 
74032 
74002 
73983 
73963 
73944 
73924 

73904 
73885 
73865 
73846 
73836 
73806 
73787 
73767 
73747 
73728 

73708 
73688 
73669 

73649 
73629 
73610 
73590 
73570 
73551 
73531 

73511 
73491 
73472 
73452 
73432 
73413 
73393 
73373 
73353 
73333 

73314 
73294 
73274 
73254 
73234 
73215 
7319s 
73175 
731SS 
7313s 


Cosine 

4T 


Sine 


43° 

Sine      Cosine 


.68200 
.68221 
.68242 
.68364 

.6828S 
.68306 
.68327 

•68349 
.68370 
.68391 
.68413 

.68434 
.68455 
.68476 
.68497 
.68518 

.68539 
.6856X 
.68583 
.68603 
.68634 

.68645 
.68666 
.68688 
.68709 
.68730 

.68751 
.68773 

.68793 
.68814 

.68835 

.68857 
.68878 
.68899 
.68930 
.68941 
.68962 
.68983 
.69004 
.69025 
.69046 

.69067 
.69088 
.69109 
J6Q130 
U39151 
69172 

69193 
69214 

69235 
.69256 

.69277 
,69298 

69319 
69340 
6936X 
69382 
69403 
69424 

6944s 
.69466 


3135 
3116 

3096 

3076 

J056 

3036 

3016 

2996 

2J76 

295 

293 

291 

289 

337 

385 

383 

3C1 

379 
277 
375 
273 
271 
269 
267 
26s 
263 
261 
259 
257 
255 
253 
251 
249 
247 
245 
243 
241 
239 
237 
235 
233 
231 
339 

327 

225 

2236 

2216 

2X96 

2x76 

2156 

2X36 

21X6 

209s 

207S 

205s 
203s 
30x5 

1995 
1974 
1954 
1934 


Cosine      Sine 

46° 


440 

Sine      Cosine 


.69466 
.69487 
.69508 
.69529 

.69549 
.69570 

•69591 
.69612 
.69633 
.69654 
.69675 
.69696 
.69717 

.69737 
.69758 
.69779 
.69800 
.6982  X 
.69842 
.69863 
.69883 

69904 
69925 
69946 
69966 

69987 
70008 
70029 

70049 
70070 
7009X 

70x12 
70x32 
70x53 
70x74 
7019s 
702 1 5 
70236 

70257 
70277 
70298 

70319 
70339 
70360 
70381 
70401 
70422 
70443 
70463 
70484 
7050s 

70525 
70546 
70567 
70587 
70608 
70628 
70649 
70670 
70690 
707 1 1 


.71934 
.71914 
.71894 
.71873 
.71853 
.71833 
.71813- 
.71793 
.71772 
.71753 
.71733 

.71711 
.71691 
.7x671 
.71650 
.71630 
.71610 
.71590 
.71569 
.71549 
.71539 
.71508 
.71488 
.71468 
.71447 
.71437 
.71407 
.71386 
.71366 
.71345 
.71335 

•7130S 
.7x284 
.71264 

.71243 
.71223 
.71203 
.7XX82 
.71x62 

.71141 
.71x21 

.7x100 
.71080 
.7x059 

•71039 
.7x019 

•70998 
.70978 

.70957 
.70937 
.70916 

.70896 
.70875 
.70855 
.70834 
.70813 

.70793 
.70772 
.70752 
.70731 
.70711 


Cosine   Sine 

46° 


60 

59 
58 
57 
56 

55 
54 
S3 
52 
SI 
SO 

49 

48 

47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 

28 

37 
36 

35 
34 
33 

33 
3X 
30 

X9 
X8 

17 

x6 
15 
14 
13 

X2 
XX 

xo 

9 

8 

7 
6 

5 

4 
3 

3 

X 

o 


S6S 


GENERAL  TABLES  AND  FORMULA 


0 

0 

1 

0 

2 

0 

3 

0 

/ 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec. 

Sec. 

Co-sec.  ' 

o 

I 

Infinite. 

1 .0001 

57.299 

1.0006 

38.654 

XJ0014 

19.X07 

60 

X 

X 

3437-70 

IX>OOX 

56.359 

1.0006 

38.417 

X.0014 

X9.003 

59 

a 

X 

1718.90 

tjoooa 

55-450 

x.0006 

38.184 

IJ0014 

18.897 

58 

3 

X 

1145^ 

IX>003 

54.570 

xxxx>6 

27-955 

X.0014 

18.794 

57 

4 

I 

859.44 

ix>ooa 

53. /18 

xxxx>6 

27-730 

XJ0014 

18.69a 

S6 

S 

X 

687.55 

IX>003 

52.891 

iwOoo7 

37.508 

1.0014 

18.591 

55 

6 

X 

572.96 

I.0003 

52.090 

iwOoo7 

37.390 

1.00x5 

18.491 

54 

7 

X 

49111 

Iw0003 

S1-313 

1.0007 

27.075 

X.OOX5 

18.393 

53 

8 

i 

429.7a 

IX>003 

50.558 

X.0007 

36.864 

X.0015 

18.395 

5* 

9 

X 

381.97 

IX>003 

49.836 

1.0007 

36.655 

X.0015 

x8.X9ft 

51 

zo 

X 

343.77 

1 .0003 

49.114 

iwOoo7 

36.450 

1.00x5 

18.X03 

SO 

II 

X 

312.52 

I.0003 

48.433 

1.0007 

36.349 

1.00x5 

i8joo8 

49 

13 

X 

a86.48 

I.0003 

47-750 

1.0007 

36x>50 

1jooi6 

X7.914 

4S 

13 

X 

364.44 

1 .0003 

47.096 

1.0007 

25.854 

Xjooi6 

1 7.621 

47 

14 

I 

245.55 

I.0003 

46.460 

1.0008 

35.661 

1 .0016 

X7.730 

46 

IS 

I 

339^8 

I.0003 

45.840 

1.0008 

25.471 

1.0016 

17.639 

45 

l6 

I 

3X4-86 

1 .0003 

45-237 

ix>oo8 

35.384 

X.0016 

17549 

44 

17 

I 

30a.33 

1.0002 

44.650 

X.0008 

35.100 

X.00X6 

z  7.460 

43 

i8 

X 

190.99 

1 .0003 

44-077 

1.0008 

34.918 

1.0017 

17.372 

42 

19 

I 

180.73 

1.0003 

43.520 

1.0008 

24-739 

X.OOI7 

17-285 

41 

ao 

I 

171.89 

1.0003 

43.976 

1.0008 

34.563 

1.0017 

17.198 

40 

ai 

I 

163.70 

1.0003 

42.445 

1.0008 

24-358 

X.OOX7 

X7.113 

39 

aa 

I 

156.26 

ix>oo3 

41.938 

x.0008 

34.216 

X.0017 

tjjoaS 

38 

23 

I 

149-47 

1.0003 

41-423 

X  0009 

34.047 

1.00x7 

Z6.944 

37 

U 

I 

143-24 

1.0003 

40.930 

X.0009 

.33.880 

X.0018 

Z6.86X 

3< 

as 

I 

137-51 

ix>oo3 

40.448 

1.0009 

33.716 

X.0018 

16.779 

35 

a6 

I 

133.22 

1.0003 

39.978 

x.0009 

23-553 

1. 0018 

Z6.698 

34 

27 

I 

127.33 

ix>oo3 

39-518 

x.0009 

33.393 

x.0018 

x6j6i7 

33 

aS 

I 

122.78 

ix>oo3 

39.069 

xx>oo9 

23.235 

x.0018 

16.538 

32 

29 

I 

1x8.54 

1.0003 

38.631 

x.0009 

a3X>79 

x.oox8 

16-459 

31 

30 

I 

114-59 

X.0003 

38.301 

x.0009 

33.935 

1.0019 

26^380 

30 

31 

I 

X  10.90 

x-0003 

37.783 

IjOOIO 

33.774 

IJO019 

16.303 

"2 

32 

I 

107-43 

ix>oo3 

37-371 

IjOOIO 

33.634 

1.00x9 

x6.aa6 

38 

33 

I 

104.17 

1.0004 

36.969 

I.OOIO 

32.476 

1.00x9 

26.150 

«7 

34 

I 

lOI.II 

x.0004 

36.576 

IjOOIO 

33.330 

1.0019 

16.075 

36 

35 

I 

98.333 

1.0004 

36.191 

X.OOIO 

33.186 

1.00x9 

x6<ooo 

25 

36 

X 

95.495 

iw0004 

35-814 

x«oio 

33.044 

X.0030 

15.926 

24 

37 

I 

99.914 

iw0004 

35.445 

1.00x0 

31.904 

I.0030 

15.853 

23 

38 

1 .0001 

92.469 

1.0004 

35.084 

X.OOIO 

21.765 

I.0030 

15-780 

33 

39 

IjOOOI 

88.149 

1.0004 

34-729 

1.0011 

31.629 

I.0030 

15.708 

31 

40 

I.OOOX 

85.946 

1.0004 

34.382 

X.OOX1 

21-494 

I.6030 

15.637 

30 

41 

1 .0001 

83.849 

1.0004 

34.042 

xx>oxx 

31.360 

X.003I 

15-566 

19 

42 

X.OOOI 

81.853 

iw0004 

33.708 

I.001I 

31.328 

X.003I 

15.496 

x8 

43 

1. 0001 

79-950 

1.0004 

33-381 

X.OOXX 

3i/>98 

1.003X 

iS-427 

17 

44 

I.OOOX 

78-133 

1.0004 

33.060 

1.00x1 

ao.970 

X.003I 

iS-358 

16 

45 

IXX>OI 

76.396 

1.0005 

32.745 

I.OOII 

30.843 

X.003I 

15.290 

15 

46 

IXX>OX 

74.736 

1 .0005 

32-*37 

1.001a 

flo.717 

X.0033 

15.333 

14 

47 

IXX>OI 

73.146 

1 .0005 

32.134 

I.OOI3 

ao.593 

1.003a 

15.155 

13 

48 

Z.OOOX 

71.632 

ijooos 

31.836 

X.OOX3 

30.471 

1 .003a 

15.089 

IS 

49 

IXX>OI 

71.160 

1.0005 

31.544 

ixxiia 

30.350 

1.0033 

15.023 

XX 

50 

IXX>OI 

68.757 

1.000s 

31.257 

XX>OI3 

30.330 

Xdoosa 

14.958 

10 

SI 

tJOOOl 

67.409 

I -000s 

30-976 

x.ooxa 

30.II3 

1J0033 

14.893 

1 

Sa 

X.OOOI 

66.1x3 

1.0005 

30.699 

x.ooxa 

'^•S^s 

1J0033 

14.829 

53 

1. 0001 

64.866 

1.0005 

30.428 

ixx)i3 

X9.880 

XX>033 

14.765 

7 

54 

IXXX>I 

63.664 

1 .0005 

30.161 

X.0013 

X9.766 

1/X>33 

14.703 

6 

55 

1. 0001 

62.507 

1.0005 

39.899 

xxx)i3 

19.653 

1J0033 

14-640 

5 

56 

IX>OOX 

61.391 

1.0006 

39.641 

IJOOX3 

19-541 

1.0034 

14-578 

4 

52 

1 .0001 

61.314 

1.0006 

39-388 

1-00x3 

19.431 

1J0O34 

14517 

3 

S8 

1. 0001 

59.274 

i.ooo6 

29.139 

x.0013 

19.322 

X.0034 

14-456 

• 

59 

I.OOOX 

58.270 

1.0006 

38.894 

1.00x3 

19-214 

Xd0034 

14-395 

I 

60 

I.OOOI 

57.299 

X.0006 

38.654 

X.00X4 

19.107 

1X>034 

14-335 

0 

/ 
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40      I 

5** 

6 

0 

r       1 

Sec. 

Co-sec 

Sec. 

Co-sec. 

Sec. 
1.0055 

Co-sec 

Sec. 

Co-SEC. 

1.0024 

14-335 

x.0038 

11.474 

9.5668 

I.007S 

S-^2f5 

1.0025 

14.276 

1.0038 

11.436 

1.005s 

9.5404 

X.007S 

8.I86I 

IJ002S 

14.217 

1.0039 

11.398 

X.0056 

9.5141 

1jOOJ6 

8.1668 

1.002s 

14.159 

1.0039 

11.360 

ix>os6 

9.4880 

X.0076 

8.1476 

IXX>2S 

X4.IOI 

1.0039 

11.323 

1.0056 

9.4620 

X.0076 

8.1285 

1 .0025 

14.043 

1.0039 

11.286 

1.0057 

9.4362 

1.0077 

8.1094 

X.0026 

X3.986 

ix>040 

11.249 

1.0057 

9.4105 

X.0077 

8.0905 

XXX>26 

X3.930 

1.0040 

11.213 

1.0057 

9.3850 

1.0078 

8.0717 

1.0026 

13.874 

IJO040 

1X.176 

I.0OS7 

9.3596 

1.0078 

8.0529 

1.0026 

13.818 

1.0040 

11.140 

1.0058 

9.3343 

1.0078 

8.034a 

1.0026 

13.763 

1.004X 

11.104 

1.0058 

93092 

'  1.0079 

8.0156 

tjooaf 

X3.708 

ix)04i 

11.069 

1.0058 

9.2842 

1.0079 

7.9971 

X.0027 

13.654 

1.0041 

11. 033 

1.0059 

9.2593 

1.0079 

7.9787 

1.0027 

X3.600 

ixx>4i 

10.988 

1MOS9 

9.2346 

X.0080 

7.9604 

1.0027 

X3.547 

ix)04a 

10.963 

X.0059 

9.2100 

xxx>8o 

79421 

x.0027 

13.494 

1x042 

10.929 

X.0060 

9.1855 

x.0080 

7.9240 

1.0028 

13.441 

1.0042 

10.894 

X.0060 

9.1612 

ix>o8x 

7-9059 

1.0028 

X3.389 

1.0043 

10.860 

xx)o6o 

9.1370 

xx>o8x 

7.8879 

I/X>28 

13.337 

1.0043 

10.826 

i.oo6x 

9.1129 

X.0082 

7.8700 

X.0028 

13.286 

X.0043 

10.792 

X.006X 

9.0890 

X.0082 

7.8522 

X.0029 

13.235 

X.0043 

10.758 

xx>o6i 

9X)65x 

1.0082 

7.8344 

X.0029 

13.184 

X.0044 

10.725 

X/)o62 

9.0414 

X.0083 

7.8168 

X.0029 

13.134 

IJ0044 

10.692 

X  0062 

9.0179 

X.0083 

7.7992 

IXX>29 

13.084 

1.0044 

10.659 

X.0062 

8.9944 

X.0084 

7.78x7 

X/X>29 

13.034 

ixx>44 

10.626 

X.0063 

8.9711 

X.0084 

7.764a 

1.0030 

12.985 

1.0045 

10.593 

1.0063 

8.9479 

x.0084 

7.7469 

X.0030 

12.937 

1.0045 

10.561 

x.0063 

8.92^8 

X.008S 

7.7296 

X.0030 

X2.888 

1.004s 

10.529 

ix>o64 

8.9018 

1.0085 

7.7124 

X.0030 

12.840 

1.0046 

10.497 

1.0064 

8.8790 

1.0085 

7.6953 

1.003X 

12.793 

ixx>46 

10.465 

X.0064 

8.8563 

X.0086 

7.6783 

1J0031 

12.745 

1.0046 

10.433 

X.0065 

8.8337 

X.0086 

7.6613 

X.003I 

12.698 

1.0046 

10.402 

1.006s 

8.81x2 

1.0087 

7.6444 

X.003I 

12.652 

1.0047 

10.371 

1.0065 

8.7888 

1J0087 

7.6276 

1.0032 

12.606 

1XX347 

10.340 

1.0066 

8.766s 

X.0087 

7.6108 

1.0032 

12.560 

1.0047 

10.309 

1.0066 

8.7444 

X.0088 

75942 

1X»32 

12.514 

1.0048 

10.278 

i/X)66 

8.7223 

1.0088 

7.5776 

X.0032 

12.469 

1.0048 

10.248 

ix>o67 

8.7004 

X.0089 

7.5611 

1.0032 

12.424 

ix»48 

10.217 

1.0067 

8.6786 

ix>o89 

7.5446 

1.0033 

12.379 

ixx)48 

10.187 

1.0067 

8.6569 

x.0089 

7.5282 

i/x)33 

12.33s 

ix)049 

10.157 

1.0068 

8.6353 

X.0090 

7.5119 

1.0033 

12.291 

ixx>49 

10.127 

IJO068 

8.6138 

l'oo90 

7.4957 

10033 

12.248 

ixx)49 

10.098 

X.0068 

8.5924 

xx>090 

7.4795 

1.0034 

12.204 

ixoso 

10.068 

X.0069 

8.5711 

X.009X 

7.4634 

1.0034 

12. 161 

IJX550 

X0.039 

1.0069 

8.5499 

X.009X 

7.4474 

1.0034 

12.118 

1.0050 

10.010 

1.0069 

8.5289 

X.0092 

7.4315 

1.0034 

12X)76 

1.0050 

9.9812 

1.0070 

8.5079 

1.0092 

7.4156 

I -0035 

12.034 

1.0051 

99525 

1.0070 

8.4871 

x.0092 

7.3998 

1.003s 

11.992 

1.0051 

9.9239 

1.0070 

8.4663 

X.0093 

7.3840 

1.0035 

11.950 

ix»5i 

9.8955 

1.0071 

8.4457 

1.0093 

7.3683 

1.0035 

11.909 

1.0052 

9.8672 

1.0071 

8.4251 

1.0094 

73527 

ixx>36 

11.868 

1.0052 

9.8391 

ixx>7x 

8.4046 

l/X)94 

7.3372 

1.0036 

11.828 

XXX>S2 

9.81x2 

X.0072 

8.3843 

xx>094 

7.3217 

1JX>36 

11.787 

1.0053 

9.7834 

1.0072 

8.3640 

X.0095 

7.3063 

1.0036 

X  1.747 

1.0053 

9.7558 

1.0073 

8.3439 

1.0095 

7.2909 

1.0037 

11. 707 

1.0053 

9.7283 

1.0073 

8.3238 

X.0096 

7.2757 

X.0037 

11.668 

1.0053 

9.7010 

X.0073 

8.3039 

1.0096 

7.2604 

1.0037 

11.628 

1.0054 

9.6739 

X.0074 

8.2840 

xxx)97 

7.2453 

x.0037 

11.589 

1.0054 

9.6469 

x/x)74 

8.2642 

1.0097 

7.2302 

X.0038 

ii.SSo 

1.0054 

9.6200 

1.0074 

8.2446 

X.0097 

7.2152 

X.0038 

H.S12 

1.00SS 

9.5933 

1.0075 

8.2250 

1.0098 

7.2002 

x.0038 

11.474 

1.0055 

9.5668 

ix»75 

8.205s 

X.0098 

7.1853 
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GENERAL  TABLES  AND  FORMULA 


1 


130      1 

140     1 

150     fl 

/ 

Sine 

G)SINE 

Sine 

Cosine 

Sine 

Cosine 

o 

.22495 

•97437 

.24x92 

.97030 

.25882 

.96593 

X 

.33523 

•97430 

.24220 

^)7023 

.259x0 

.96585 

3 

.33553 

.97424 

.24249 

.97015 

.25938 

.96578 

3 

.33580 

•97417 

.24277 

.97008 

.25966 

.96570 

4 

.32608 

.97411 

•2430s 

.97001 

.25994 

jg6s62 

s 

.23637 

•97404 

.24333 

•96994 

.26022 

.96555 

6 

.33665 

•97398 

.24362 

•96987 

.26050 

.96547 

7 

.32693 

•97391 

.24390 

.96980 

.26079 

.96540 

8 

.22722 

•97384 

.24418 

•96973 

.26107 

.96532 

9 

.22750 

•97378 

.24446 

.96966 

.26135 

.96524 

xo 

.22778 

•97371 

.24474 

.96959 

.26163' 

.96517 

XX 

.22807 

•97365 

.24503 

.96952 

.26x91 

.96509 

13 

.22835 

•97358 

.24531 

•9694s 

.262x9 

.96503 

13 

.22863 

•97351 

•24559 

•96937 

.36347 

.96494 

14 

.22892 

•97345 

.24587 

•96930 

.36375 

.96486 

xs 

.22920 

•97338 

.246x5 

.96923 

.36303 

.96479 

i6 

.22948 

•97331 

.24644 

.969x6 

.36331 

.96471 

17 

.22977 

.97325 

.24673 

•9^909 

.26359 

.96463 

x8 

.23005 

•97318 

.24700 

.96902 

.26387 

.96456 

19 

•23033 

•973" 

.24728 

.96894 

.364x5 

.96448 

20 

.23063 

•97304 

.24756 

.96887 

.26443 

.96440 

31 

.33090 

.97298 

.34784 

.96880 

.36471 

.96433 

32 

.23118 

.97291 

.34813 

.96873 

^6500 

.96425 

83 

.33146 

.97284 

.34841 

^>6866 

.26528 

.964x7 

34 

.23175 

•97278 

.34869 

.96858 

.26556 

.964x0 

as 

.23203 

.97271 

.34897 

.96851 

^6584 

W96402 

26 

.23231 

.97264 

•24925 

.96844 

.266^* 

.96394 

27 

.23260 

•97257 

.24954 

.96837 

.26640 

.96386 

38 

.23288 

•97251 

.34983 

^)6829 

.26668 

.96379 

39 

.23316 

.97244 

.350x0 

.96822 

.26696 

.96371 

30 

.23345 

•97237 

.35038 

•968x5 

.26724 

•96363 

31 

.23373 

.97230 

.35066 

jr/)8o7 

.26752 

•96355 

3a 

.23401 

•97223 

.25094 

.96800 

.36780 

•96347 

33 

.23429 

•97217 

.25123 

.96793 

.36808 

•96340 

34 

.23458 

.97210 

.25151 

.96786 

.26836 

•96332 

35 

.23486 

•97203 

.25179 

.96778 

.26864 

.96324 

36 

•23514 

•97196 

.25207 

.96771 

.26892 

.96316 

37 

.23542 

.97189 

.25235 

.96764 

.26920 

.96308 

38 

.23571 

.97183 

.25263 

•96756 

.26948 

.96301 

39 

.23599 

•97176 

.25291 

.96749 

.26976 

.96293 

40 

.23627 

.97169 

.25320 

•96742 

.27004 

.96285 

41 

.23656 

^)7i63 

.25348 

.96734 

.27032 

.96277 

43 

.23684 

•97155 

.25376 

.96727 

.27060 

.96269 

43 

.23712 

•97148 

.25404 

•96719 

.27088 

.96261 

44 

•23740 

.97141 

.25432 

.967x2 

.27116 

.96253 

45 

.23769 

•97134 

.25460 

.96705 

.27144 

.96246 

46 

•23797 

.97127 

.25488 

•96697 

.27172 

.96238 

47 

.23825 

.97120 

.25516 

.96690 

.27300 

.96230 

48 

•23853 

.97113 

.25545 

.96682 

.27228 

.96222 

49 

.23882 

.97106 

.25573 

.96675 

.27256 

.96214 

50 

.23910 

.97100 

.2560X 

.96667 

.27284 

^)62o6 

SI 

•23938 

•97093 

.25629 

.96660 

.273x2 

.96198 

Sa 

.23966 

.97086 

•25657 

•96653 

.27340 

.96190 

53 

•23995 

•97079 

.25685 

•9664s 

.27368 

.96x82 

54 

.24023 

.97072 

.25713 

.96638 

.27396 

.96174 

55 

.24051 

.97065 

.25741 

.96630 

.27424 

.96x66 

56 

•24079 

•97058 

•25769 

.96623 

.27452 

.96x58 

57 

.24108 

•97051 

.25798 

.966x5 

.27480 

.96x50 

58 

.24136 

.97044 

.35826 

.96608 

.27508 

.9614a 

59 

.24x64 

•97037 

.25854 

.96600 

•27536 

.96x34 

60 

.34x92 

.97030 

.35882 

.96593 

.27564 

.96126 

f 

Cosine 

Sine 

Cosine 

Sine 

Cosine 

Sine 

7( 

J*> 

7^ 

>* 

7^ 

4«    I) 

160 

Sine      Cosine 


.27564 
.27592 
.37620 
.37648 
.37676 
.37704 
•27731 
.27759 
.37787 
.378x5 

.27843 
.27871 
.37899 
.37937 
^7955 
.27983 
.38011 
.38039 
^8067 
.38095 
.38133 

.38150 
.28178 
.28206 
.38234 
.3826^ 
.28290 
.38318 
.38346 

•28374 
.38403 

.28429 

.28457 
.28485 

.28513 
.28541 
.28569 

.28597 
.28625 
.28653 
.38680 

.38708 
.38736 
.38764 
.28793 
.28820 
.38847 

.28875 
.38903 
.3893  x 
.28959 

.38987 
.390x5 
.39043 
.39070 
.39098 
.39x36 

.39x54 
.3918a 
.39309 
.39337 


.96136 
.961x8 
.96x10 
.96x02 
.96094 
.96086 
^>6o78 
.96070 
^)6o62 

•96054 
4)6046 

.96037 
4)6029 
.96021 
4)6oi3 
4>66o5 
4)5997 
.95989 
4)S98i 
4)5972 
4)5964 

.95956 
4)5948 
.95940 
4)5931 
.95923 
.95915 
4)S907 
4)5898 
4)5890 
4)588a 

.95874 
4)5865 
4)5857 
4)5849 
4)5841 
4)5832 
4)5834 
4)58x6 
4)5807 
.95799 

4)5791 
4)5783 

.95774 
.95766 

•95757 
.95749 
4)574© 

.95732 
4)5724 
4)57iS 

.95707 
4)5698 
4)5690 
4)S68i 

4)S673 
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541^4 

.49470 

1^ 

:^ 

56^ 

9! 

5 

zt 

^ 

■49Sai 

ii6e78 

56OQ0 

JS' 

54.67 

-19546 

.S6S63 

|98 

It 

J9J71 

56849 

-*9!96 

.86S34 

.8    5 

.84<» 

J9631 

.86S10 

594 

5o 

54104 

46 

-.9647 

.86805 

5i« 

4J 

-.967" 

56  J9. 

59 

.54146 

54071 

48 

^9697 

56777 

ISf 

696 

54989 

■84057 

49 

is;^ 

54041 

56748 

.541" 

540.5 

56733 

58 

54009 

.49798 

8 

.54169 

5i99i 

-49814 

56^5 

53978 

7 

54 

.49849 

56690 

5s8o6 

844 

53961 

6 

.49874 

56675 

5    9 

869 

8 

53Mfi 

56 

.49899 

5666. 

\ 

J4l6<S 

i^ 

99 

.499»' 

56646 

1mm 

55  * 

96 

36 

■54391 

\ 

6a 

.50000 

565S3 

I4464 

53867 

"•-« 

/- 

"5 

0     ™ 

Cosmz 

JO    "" 

Conn 

r.»" 

NATURAL  SINES  AND  COSINES 


86s 


330      1 

34°       n 

35°    1 

36°     I 

Stne 

Cosine 

Sins 

COSINK 

Sine 

Cosine 

Sine 

COSNIX 

.54464 

.83867 

•55919 

.82904 

.57358 

.8x915 

.58779 

.80902 

.54488 

.83851 

•55943 

.82887 

.57381 

.81899 

.58802 

.80885 

.54513 

.83835 

•55968 

.82871 

.57405 

.81882 

.58826 

.80867 

.54537 

.83819 

.55992 

.82855 

.57429 

.81865 

.58849 

.80850 

.54561 

•83804 

.56016 

.82839 

•57453 

.81848 

.58873 

A>833 

.54586 

•83788 

.56040 

.82822 

•57477 

.81832 

.58896 

.808x6 

.54610 

•83772 

.56064 

.82806 

•57501 

.81815 

.58920 

A>799 

.54635 

.83756 

.56088 

.82790 

•57524 

.8x798 

.58943 

.80782 

.54659 

.83740 

.56112 

.82773 

•57548 

.81782 

.58967 

A>765 

.54683 

•83724 

•56136 

.82757 

•57572 

.8x765 

.58990 

.80748 

.54708 

.83708 

.56160 

.82741 

•57596 

.81748 

.59014 

A>73o 

.54732 

83692 

.56184 

.82724 

•57619 

.8x731 

.59037 

A>713 

.54756 

.83676 

.56208 

.82708 

•57643 

.817x4 

.59061 

.80696 

.54781 

.83660 

.56232 

.82692 

•57667 

.81698 

.59084 

.80679 

.54805 

.83645 

.56256 

.82675 

•57691 

.8i68x 

.59108 

.80662 

•54829 

•83629 

.56280 

.82659 

.57715 

.81664 

•59131 

.80644 

•54854 

.83613 

.56305 

.82643 

•57738 

.81647 

.59154 

.80627 

•54878 

.83597 

.56329 

.82626 

.57762 

.8163X 

.59178 

.806x0 

.54902 

.83581 

.56353 

.82610 

.57786 

.8x6x4 

.59201 

A>S93 

•54927 

.83565 

.56377 

.82593 

.57810 

.81597 

.59225 

A>576 

•S49SI 

.83549 

.56401 

.82577 

.57833 

.8x580 

.59248 

J&0556 

•54975 

•83533 

•56425 

.82561 

.57857 

.8x563 

.59272 

A354r 

.54999 

•83517 

.56449 

.82544 

.57881 

.8x546 

.5929s 

A>524 

.55024 

.83501 

.56473 

.82528 

.57904 

.8x530 

.59318 

.80507 

.55048 

.83485 

.56497 

.82511 

.57928 

.81513 

.59343 

^3489 

.55072 

•83469 

.56521 

.82495 

.57952 

.8x496 

.59365 

.80472 

.55097 

•83453 

.56545 

.82478 

.57976 

.8x479 

.59389 

A3455 

.55121 

•83437 

.56569 

.82462 

.57999 

.8x462 

.59412 

J&0438 

.55145 

•83421 

.56593 

.82446 

.58023 

.8x445 

.59436 

.80420 

.55169 

.83405 

.56617 

.82429 

.58047 

.81428 

.59459 

A>403 

.55194 

•83389 

.56641 

.82413 

.58070 

.814x2 

.59482 

.80386 

•55218 

.83373 

.56665 

.82396 

.58094 

.8x395 

.59506 

.80368 

.55242 

.83356 

.56689 

.82340 

.58118 

.8x378 

.59529 

A>35i 

.55266 

.83340 

•56713 

.82363 

.58141 

.8X36X 

.59552 

.80334 

•55291 

.83324 

•56736 

.82347 

.58165 

.81344 

.59576 

A>3i6 

•5531S 

.83308 

.56760 

•82330 

.58189 

.81327 

59599 

.80299 

•55339 

.83292 

.56784 

.82314 

.58212 

.81310 

.59622 

.80282 

•55363 

.83276 

.56808 

.82297 

.58236 

.8x293 

.59646 

.80264 

.55388 

.83260 

.56832 

.8228X 

.58260 

.8x276 

.59669 

A>247 

.55412 

•83244 

.56856 

.82264 

.58283 

.8x259 

.59693 

.80230 

.55436 

.83228 

.56880 

.82248 

.58307 

.8x242 

.59716 

.80212 

.55460 

•832x2 

.56904 

.82231 

.58330 

.81225 

.59739 

•!°'^l 

.55484 

•83195 

.56928 

.82214 

.58354 

.8x208 

•59763 

A>i78 

.55509 

•83179 

.56952 

.82198 

.58378 

.81x91 

.59786 

A>i6o 

•55533 

.83163 

.56976 

.82181 

.5840  X 

.8x174 

.59809 

A>X43 

•55557 

.83147 

•57000 

.82165 

.58425 

.8x157 

.59832 

.80125 

•55581 

.83131 

.57024 

.821^8 

.58449 

.81x40 

.59856 

.80108 

.55605 

.83115 

•57047 

.82132 

.58472 

.81x23 

.59879 

.80091 

•55630 

.83098 

•57071 

.82115 

.58496 

.81106 

.59902 

.80073 

.55654 
.55678 

.83082 

•57095 

.82098 

.58519 

.81089 

.59926 

.80056 

.83066 

•57119 

.82082 

.58543 

.8x072 

.59949 

A>038 

.55702 

.83050 

.57143 

.82065 

.58567 

.8x055 

.59972 

it002X 

.55726 

.83034 

.57167 

.82048 

.58590 

.8x038 

.59995 

A>oo3 

.55750 

•83017 

.57191 

.82032 

.58614 

.8x021 

.600x9 

.79986 

•55775 

.83001 

.57215 

.82015 

.58637 

.81004 

.60042 

.79968 

•55799 

•8298s 

.57238 

.81999 

.58661 

.80987 

.60065 

.79951 

.55823 

.82969 

.57262 

.81982 

.58684 

.80970 

.60089 

•79934 

.55847 

•82953 

.57286 

.81965 

.58708 

.80953 

.60x12 

•79916 

.55871 

•82936 

.57310 

.81949 

.58731 

.80936 

.60x35 

•79?» 

.55895 

.82920 

•57334 

.81932 

.58755 

.80919 

.60158 

.79881 

.55919 

.82904 

.57358 

.8191S 

.58779 

.80902 

.60182 

•79864 

C06INX 

Sms 

COSINX 

Son 

COAINX 

Sine 

Cosine 

Sine 

5 

y^ 

51 

>° 

54 

1° 

5'i 

J° 

60 

59 

58 
57 
56 
55 
54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
42 
41 
40 

39 
38 
37 
36 
35 
34 
33 
32 
31 
30 

29 

28 

27 
26 

25 
24 
23 
22 

2X 
20 

19 

x8 

17 

x6 
15 
14 
13 

12 
XX 
XO 

9 

8 

7 
6 

5 
4« 

3 

a 
I 
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GENERAL  TABLES  AMD  FORMULA 


3r 

38P 

39- 

40" 

Sun 

CoaiHE 

SiNI 

COSU-B 

Sme 

Cosine 

SmE 

Cosi™ 

~ 

^183 

:ffl 

ji.56e 

,7Mo. 

,6)93a 

.7771s 

.64379 

.!<'.04 

to 

^loS 

£.539 

.7S783 

.61953 

.77696 

JS4301 

.7t«S 

1 

.fioiiS 

,1<jSig 

*i5.. 

-78765 

JS29J7 

.77678 

A432J 

,7'.  167 

-7^.1 

,6163s 

.78747 

.7,660 

-64346 

,7t.^ 

* 

s 

:?s;?^ 

sa; 

:?i;;! 

15 

.77641 
.7,623 

.6416S 
,64390 

;;;;;j^ 

* 

I 

^311 

-786M 

.77605 

.644.1 

iioll* 

i\'^ 

.78676 

.63090 

.775S6 

,6443s 

I 

^36? 

.78638 

,63113 

.77568 

A,4J7 

-T'mSS 

-«°]9° 

:i97o5 

.78640 

,6j.3S 

A4479 

-7W36 

*4" 

.;s6ii 

-S3-38 

■77S31 

JS4S01 

■76417 

-A0431 

.70671 

J,iB,& 

.786D4 

.63180 

A4SM 

-;'^=(i8 

16046° 

.78386 

■77494 

.64546 

,7(.j8o 

J^Ul 

.78568 

*32JJ 
,63348 

■77476 

J5456a 

.7'*1 

ite^ 

,6.88? 

.78530 

.77438 

.64590 

* 

Aijig 

.7853- 

*3>7I 

-646.1 

■605S3 

-78SM 

,63193 

-64635 

.78*06 

*33l6 

,64657 

\l 

,<s.'7i 

.7S4J8 

,63338 

-773S4 

Al6j9 

.6a6i> 

,7846= 

,63361 

.77366 

Ji470. 

.:'.:48 

-6c6js 

,78441 

,63383 

*> 

,6«46 

.7^-114 

,63406 

■J73«(l 

■64746 

,60691 

■  '■'JOS 

.634»8 

Ji4768 

.,6.91 

•t 

2o^* 

,7Hi87 

JS4790 

■76173 

■607^ 

,6:^1  IS 

,;S,6o 

Ji4S.l 

-76.54 

^ 

^l6. 

Ijig 

JS3496 

13 

.64834 

■7613s 

^ 

,60184 

i3Sl8 

.648S6 

.76..6 

,60807 

^79^ 

IS 

,63540 

-64S78 

.76007 

,60830 

.63563 

■"■» 

.64001 

.,6078 

3? 

as 

^79335 

:6:,»51 

,;NJ79 

f^ 

■7718. 
.77.61 

.64913 
■6404s 

.76059 
-76041 

P 

.63630 

JS4967 

.760.1 

.78325 

.636S3 

.76003 

is 

si 

,79564 

i'4% 

,78106 

.;s.s8 

f^ 

-77088 

.650.1 
-65033 

.75965 

li 

JSowi 

t'M 

i^'" 

JtSoSS 

.75946 

3fi 

■78151 

Ji50J7 

:6»]l 

/SI41I 

.6I76S 

JS5100 

.75908 

iS 

Jiioll 

Si 

■jl!?6 

,63787 

,770.4 

J5S.11 

.75880 

,78098 

,638.0 

.76996 

*!144 

.75870 

*o 

:?'.Ja 

.78079 

,63851 

,76977 

-7385. 

,6j!oj 

.7806. 

,63854 

-769SD 

jis.aa 

.75831 

11 

|S 

,63877 

.76940 

isiio 

-75813 

ill" 

,63890 

.769.1 

JiJ.Ji 

!j8oo7 

,6j9)2 

*5iS4 

« 

^uai 

;'9^ 

!626is 

.,7988 

iiui. 

"J^eJ 

Ji5176 
■65.98 

.757 J6 
■75738 

!i 

JSii^ 

£i6iS 

,63989 

.76847 

JiJSlo 

4S 

iiiittl 

,6>66o 

.640,. 

,j6Sa8 

■65342 

IS 

,61683 

,64033 

,65364 

.756S0 

,6„ol 

:77897 

,64056 

,76791 

JSS386 

.JS661 

Ji(j6o 

.7896J 

,6j;j8 

.64078 

■6540S 

■7564. 

,61383 

:;isa 

■76754 

J5J430 

.75613 

Aitci 

,77843 

.7673s 

.65451 

■75604 

.7890S 

,6:796 

.77814 

A4.45 

,6S474 

.73585 

.?889- 

,6i8?9 

,77806 

Ztti 

"7669B 

.63406 

,75566 

e« 

.7saj3 

.77788 

.766M. 

jsjsis 

,61497 

,61864 

,7666. 

,6SS40 

Mfil 

II 

:j8s" 

.6>gs; 

.64234 

,6556. 

^ 

IS 

;?l^? 

,6.909 
.61933 

Vnd 

A,iS6 

:Si 

i^ 

■75490 

J 

Cosim 
52 

Sine 

„  "™ 

Coanre 

/-■ 

--« 

1" 

NATURAL  SINES  AND  COSINES 


867 


\V            \ 

42°    1 

43« 

44®    1 

Sine 

Cosine 

Sine 

Cosine 

>  Sine   ( 

^SINE 

Sine 

Cosine 

^5606 

.75471 

.66913 

•74314 

.68200 

.7313s 

.69466 

.71934 

^5628 

.75452 

•66935 

.74295 

.68221 

.73116 

.69487 

.71914 

l- 

.65650 

'75433 

.66956 

.74276 

.68242 

.73096 

.69508 

.71894 

.6567a 

•75414 

.66978 

.74256 

.68264 

.73076 

.69529 

•71873 

•65694 

.75395 

.66999 

.74237 

.6828S 

.7JO56 

•69549 

.71853 

.65716 

.75375 

.67021 

.74217 

.68306 

.73036 

.69570 

.71833 

•65738 

.75356 

•67043 

.74198 

.68327 

73016 

.69591 

.71813- 

.65759 

.75337 

.67064 

.74178 

•68349 

72996 

.69612 

.71792 

^5781 

•75318 

.67086 

.7  J159 

.68370 

.72^76 

.69633 

.71772 

.65803 

.75299 

.67107 

.74139 

.68391   - 

72957 

J39654 

.71752 

^5825 

.75280 

.67129 

•74120 

.68412 

72937 

.69675 

.71732 

.65847 

.75261 

.67151 

.74100 

•68434 

.72917 

.69696 

.71711 

.65869 

•75341 

^57172 

.74080 

.68455   . 

72897 

.69717 

.71691 

.65891 

.75222 

.67194 

.74061 

.68476   , 

72377 

.69737 

.71671 

.65913 

.75203 

.67215 

.74041 

.68497   . 

72857 

.69758 

.71650 

•65935 

.75184 

•67237 

.74022 

.68518 

72837 

.69779 

.71630 

.65956 

.75165 

.67258 

.74002 

.68539   . 

72G17 

.69800 

.71610 

.65978 

.75146 

.67280 

.73983 

.68561 

72797 

.69821 

.71590 

.66000 

.75126 

.67301 

.73963 

.68582   . 

72777 

.69842 

.71569 

.6602a 

.75107 

•67323 

•73944 

.68603   , 

72757 

.69862 

.71549 

.66044 

.75088 

•67344 

•73924 

.68624   . 

72737 

.69883 

.71529 

w66o66 

.75069 

.67366 

•73904 

.68645   - 

72717 

.69904 

.71508 

.66088 

.75050 

•67387 

.73885 

.68666 

72697 

.69925 

.71488 

.66109 

.75030 

.67409 

.73865 

.68688 

72677 

.69946 

.71468 

.66131 

.75011 

.67430 

.73846 

.68709   . 

72657 

.69966 

.71447 

•66153 

.74992 

•67452 

.73826 

.68730 

.72637 

.69987 

.71427 

.66175 

.74973 

•67473 

.73806 

.68751 

72617 

.70008 

.71407 

.66197 

.74953 

•6749s 

.73787 

.68772 

.72597 

.70029 

.71386 

.66218 

.74934 

.67516 

.73767 

.68793   < 

72577 

.70049 

.71366 

.66240 

.74915 

.67538 

.73747 

.68814   . 

72557 

.70070 

.7134s 

.66263 

.74896 

•67559 

.73728 

.68835   . 

.72537 

.70091 

.71325 

.66284 

.74876 

.67580 

.73708 

.68857 

.72517 

.70112 

.71305 

.66306 

.74857 

.6760a 

.73688 

.68878 

.72497 

.70132 

.71284 

.66327 

.74838 

.67623 

.73669 

.68899   . 

.72477 

•70153 

.71264 

•66349 

.74818 

•67645 

.73649 

.68920 

.72457 

•70174 

.71243 

.66371 

.74799 

.67666 

.73629 

.68941 

.72437 

•70195 

.71223 

.66393 

.74780 

.67688 

.73610 

.68962 

.72417 

.70215 

.71203 

.66414 

.74760 

.67709 

•73590 

.68983   . 

.72397 

.70236 

.71182 

.66436 

.74741 

.67730 

•73570 

U39004   . 

.72377 

•70257 

.7116a 

^458 

.74722 

•67752 

•73551 

A)025    . 

72357 

.70277 

.71141 

^480 

.74703 

.67773 

•73531 

.69046 

72337 

.70298 

.7x121 

U3650X 

.74683 

.6779s 

•73511 

.69067  . 

72317 

.70319 

.71100 

.66523 

.74664 

.67816 

.73491 

.69088  -. 

72297 

•70339 

.71080 

•66545 

.74644 

.67837 

.73472 

.69109 

72277 

.70360 

.71059 

.66566 

.74625 

.67859 

.73452 

.69130  . 

72257 

.70381 

.71039 

.66588 

.74606 

.67880 

.73432 

.69151  . 

72236 

.70401 

.71019 

5 

.66610 

.74586 

•67901 

.73413 

.69172  . 

72216 

.70422 

.70998 

7 

U36632 

.74567 

.67923 

.73393 

.69193  • 

72196 

•70443 

.70978 

S 

.66653 

.74548 

.67944 

.73373 

.69214  . 

.72176 

.70463 

.70957 

P 

.66675 

.74528 

•6796s 

.73353 

.69235  ■ 

.72156 

.70484 

.70937 

9 

.66697 

.74509 

.67987 

.73333 

.69256 

72136 

.70505 

.70916 

I 

.66718 

.74489 

US8008 

.73314 

.69277  • 

72116 

.70525 

.70896 

9 

.66740 

.74470 

.68029 

.73294 

.69298 

72095 

.70546 

.70875 

3 

U3676a 

.74451 

.68051 

.73274 

.69319  • 

72075 

.70567 

.70855 

4 

.66783 

.74431 

.68072 

•73254 

.69340  . 

72055 

.70587 

.70834 

5 

.66805 

.74412 

.68093 

•73234 

.69361 

7203s 

.70608 

.70813 

6 

.668a7 

.74392 

.68115 

.73215 

.69382  . 

72015 

.70628 

.70793 

i 

.66848 

.74373 

.68136 

.73195 

.69403  . 

71995 

.70649 

.70772 

.66870 

•74353 

•68157 

.73175 

.69424  . 

71974 

.70670 

.70752 

9 

.66891 

•74334 

.68179 

.73155 

.69445  - 

7I9S4 

.70690 

.70731 

0 

•66913 

•74314 

.68200 

.73135 

.69466 

71934 

.70711 

.70711 

§ 
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46*^ 

4« 

'f 
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/ 
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Sbc.    Co-sbc.| 
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CO-SKC. 

t    Skc. 

Co-SBc! 

t 

o 

I 

Infinite. 

XjOOOZ 

57-399 

xx)oo6 

38.654 

ZJ0014. 

19.107 

60 

z 

I 

3437.70 

ZjOOOZ 

56.359 

xwooo6 

38.417 

XJOOZ4. 

19003 

59 

3 

z 

X7i8^ 

Xjoooa 

55-450 

ZwOOo6 

38.184 

ZJOOZ4 

18.897 

S8 

3 

I 

"45^ 

XjOOOS 

54.570 

iwooo6 

37.955 

ZJOOI4 

18.794 

57 

4 

X 

859-44 

zjQooa 

53-/18 

Xjooo6 

27.730 

1J0014 

18.693 

5<i 

5 

I 

687.55 

ijQooa 

52.89X 

Zwooo7 

37.508 

1JOOX4 

18.591 

55 

6 

I 

572.96 

X.0003 

S2.090 

1.0007 

37.390 

ZJOOX5 

Z8491 

54 

7 

I 

40I.XX 

1 .0003 

51.313 

XW0007 

37*75 

ZJOOI5 

18.393 

53 

8 

i 

429.72 

1 .0003 

50.558 

XX1007 

36.864 

ZJOOI5 

*?-^^l 

5» 

9 

I 

381.97 

1 .0003 

49.836 

Z.0007 

36^555 

I.00I5 

Z8.Z98 

Si 

lO 

z 

343.77 

IwOOOS 

49-114 

Z.0007 

36450 

zjoozs 

X8.Z03 

so 

XX 

z 

312.52 

Zj0003 

48wpa 

Zj0007 

36.349 

Zjoozs 

x8oo8 

49 

13 

z 

386^48 

Zj0003 

47.750 

zaxx>7 

36.050 

ZJOOI6 

17-914 

4> 

13 

X 

264-44 

Ij0003 

47.096 

z.0007 

35.854 

ZJ0016 

Z7.83I 

47 

14 

z 

245  55 

1 .0003 

46-460 

X.0008 

35.661 

1.0016 

17.730 

46 

IS 

X 

939J8 

1 .0003 

45.840 

X.0008 

25471 

1.0016 

17.639 

45 

i6 

X 

3Z4.86 

1.000a 

45237 

z.0008 

35.384 

Z.00I6 

17.549 

44 

17 

I 

303  .aa 

1.000a 

44-650 

Z.0008 

35.100 

1.0016 

17460 

43 

x8 

I 

190-99 

ijoooa 

44.077 

x.0008 

34.9x8 

iX)oi7 

17.372 

4> 

19 

X 

180.73 

1.0003 

43.520 

Z.0008 

24739 

1J0017 

17.385 

41 

ao 

X 

i7i.8g 

10003 

43.976 

x.0008 

34.563 

ix)OZ7 

17.198 

49 

ax 

X 

Z63.70 

IW0003 

42.445 

z.0008 

24.358 

1J0017 

17.1x3 

» 

3a 

I 

X56.a6 

1.0003 

41.938 

zxxx>8 

34.3x6 

ixx>i7 

Z7oa8 

3S 

»3 

I 

149.47 

IJ0003 

41.423 

Z0009 

24*47 

1J0017 

16.944 

37 

»4 

I 

143.24 

x.0003 

40.930 

IJ0009 

.33.880 

1.00x8 

Z6.86Z 

3« 

25 

I 

137.51 

1.0003 

40.448 

IJ0009 

33.716 

ix)oi8 

16.779 

35 

36 

X 

133.33 

1.0003 

39.978 

IJ0009 

33.553 

ijooiS 

16.4)98 

34 

*2 

I 

Z37.33 

1.0003 

39.518 

ZJ0009 

33.393 

ijoox8 

16.617 

33 

aS 

I 

xa3.78 

x.0003 

39.069 

zxxx>9 

23.235 

Xjooi8 

X6.538 

3> 

39 

X 

X18.54 

1.0003 

38.631 

IJ0009 

33*79 

zx)oi8 

16459 

31 

30 

I 

114.59 

1W0003 

58.30X 

xxxx>9 

33.935 

Xwooi9 

16.380 

30 

31 

I 

1x0.90 

1W0003 

37.783 

1.0010 

33.774 

1J0019 

16.303 

»9 

32 

I 

10743 

IW0003 

37.371 

x.0010 

33.634 

1.0019 

16^36 

A 

33 

X 

104.17 

IJ0004 

36.969 

1.00x0 

33476 

1.0019 

16.150 

*J 

34 

I 

ZOI.XX 

IW0004 

36.576 

1 .0010 

33.330 

1.00x9 

16-075 

a6 

35 

I 

98.333 

z.0004 

36.191 

1.00ZO 

33.186 

ixx>i9 

16000 

35 

36 

X 

95.495 

1.0004 

35.814 

X.00Z0 

33.044 

1j0O3O 

15-936 

24 

^1 

X 

92-914 

IJ0004 

35-445 

1 .0010 

31.904 

1j0O3O 

15.853 

•3 

38 

IXXJOX 

93.469 

IJ0004 

35.084 

IjOOXO 

al.765 

IXX>30 

15.780 

aa 

39 

IXXMX 

88.149 

IW0004 

34.729 

IjOOZI 

31.639 

1j0O3O 

15.708 

n 

40 

lOXiOI 

85.946 

1.0004 

34.382 

XjOOXI 

31494 

1j0O3O 

15.637 

30 

41 

I.OOOZ 

83.849 

1.0004 

34.042 

IXJOXZ 

31.360 

X.003Z 

15.566    19 

42 

I.OOOX 

81.853 

1.0004 

33.708 

Z.OOIZ 

31.338 

Z.003Z 

15496 

18 

43 

I.O0OZ 

79950 

1.0004 

33.381 

1.00x1 

3IW098 

1J0021 

15437 

17 

44 

I.OOOX 

78.133 

1.0004 

33*60 

I.OOII 

30.970 

I.0031 

15.358 

I< 

45 

I.OOOX 

76.396 

ix>oo5 

32.745 

I.OOI1 

30.843 

1j0O3Z 

15.390 

15 

46 

I.OOOI 

74.736 

1.0005 

32437 

IX>OI3 

30.717 

ijoo3a 

15.333 

X4 

^1 

I.OOOX 

73.146 

1.0005 

32.134 

Z.0013 

30.593 

1 .0033 

15.155 

13 

48 

1. 0001 

71US33 

Z.0005 

31.836 

ZX)OI3 

90471 

i.ooaa 

15089 

u 

49 

IjOOOZ 

71.160 

ijooos 

31.544 

lX)OI2 

20.350 

Zj0O33 

15-033 

II 

50 

I.OOOX 

68.757 

IJ0005 

31.257 

1 .00x3 

ao.330 

tjooaa 

14.958 

10 

51 

ZX)OOX 

67.409 

X.OOOS 

30.976 

I.OOI3 

30.II3 

X*033 

14.893 

1 

52 

X.OOOZ 

66.113 

X.0005 

30.699 

ZXX>Z3 

*«>-SS5 

1*033 

14.839 

53 

I.OOOZ 

64.866 

1. 0005 

30.428 

Z.00I3 

19.880 

X.0033 

14.765 

7 

54 

X.OOOZ 

63.664 

iux>05 

30.16X 

1.00x3 

Z9.766 

143033 

14.703 

6 

55 

Z.OOOX 

63.507 

1.000s 

39.899 

Z.00I3 

19.653 

1.0033 

14.640 

56 

Z.OOOZ 

61.391 

1.0006 

39.641 

1.00x3 

19-541 

tJ0O24 

14.578 

52 

X.OOOI 

61.314 

X.0006 

39.388 

1.0013 

19.431 

10034 

14.517 

58 

1. 0001 

59-274 
58.370 

Z0006 

29.139 

X-0OI3 

19.322 

10034 

14456 

59 

1. 0001 

1.0006 

38.894 

XWOOI3 

Z9.3I4 

10034 

14.305 

(to 

I.OOOX 

57.299 

Zj0O06 

38.654 

1. 0014 

19.107 

10034 

14.335 
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4« 

i 

5^ 

6° 

7>          1 

Sec. 

Co-SEC 

Sec. 

Co-sec. 

Sec. 

Co-SEC 

Sec. 

Co-SEC. 

X.0034 

14.33s 

1.0038 

11.474 

1.005s 

9.5668 

ix)o75 

S-'2|5 

1.0025 

14.276 

1.0038 

X  1.436 

1.0055 

9.5404 

1.0075 

8.I86I 

1X>02S 

14.217 

1X3039 

11.398 

X.0056 

9.5141 

X.0076 

8.1668 

X.002S 

14.159 

1.0039 

11.360 

1.0056 

9.4880 

1.0076 

8.1476 

1.0025 

14.101 

1.0039 

11.323 

ix>056 

9.4620 

1.0076 

8.128s 

X.0025 

14.043 

1.0039 

11.286 

I.OOS7 

9.4362 

1.0077 

8.1094 

1.0026 

13.986 

JJ0040 

11.249 

1.0057 

9.4105 

1.0077 

8.0905 

1.0026 

13-930 

ix>040 

11.213 

1.0057 

9-3850 

1.0078 

8x5717 

X.0026 

13.874 

1.0040 

11.176 

1.0057 

9.3596 

1.0078 

8.0529 

1.0026 

13.818 

ixx>40 

1 1. 140 

1.0058 

9.3343 

1.0078 

8x5342 

1.0026 

X3.763 

1.0041 

11.104 

1.0058 

93092 

1.0079 

8.0156 

X.0027 

13.708 

1.0041 

11.069 

1.0058 

9.2842 

1.0079 

7.9971 

IX>027 

13.654 

1.0041 

11033 

1.0059 

9-2593 

1.0079 

7.9787 

x.0027 

13.600 

X.0041 

10.988 

1.0059 

9.2346 

1.0080 

7.9604 

1.0027 

13547 

1.0042 

10.963 

1.0059 

9.2100 

1.0080 

7.9421 

x.0027 

13.494 

1.0042 

10.929 

1.0060 

9.185s 

ix>o8o 

7.9240 

IX>028 

13.441 

1.0042 

10.894 

1.0060 

9.I6I2 

1.0081 

7.9059 

XX>028 

13.389 

1.0043 

10.860 

1.0060 

9-1370 

1.0081 

7.8879 

1.0028 

13.337 

1.0043 

10.826 

1.0061 

9.II29 

1.0082 

7.8700 

X.0028 

13.286 

ix)043 

10.792 

1.0061 

9.0890 

1.0082 

7.8522 

X.0029 

13.23s 

IXJ043 

10.758 

IXX561 

9.0651 

1.0082 

78344 

IXX>39 

13.184 

ixx)44 

10.725 

IXX362 

9.0414 

1.0083 

7.8168 

XXX>29 

13.134 

1.0044 

10.692 

1  0062 

9.0179 

1.0083 

7.7992 

XXX>29 

13.084 

X.0044 

10.659 

1.0062 

8.9944 

1.0084 

7.7817 

Z.0029 

13.034 

1.0044 

10.626 

1.0063 

8.9711 

X.0084 

7.7642 

xx>030 

12.985 

1.0045 

10.593 

1.0063 

8.9479 

1.0084 

7.7469 

1.0030 

12.937 

1.0045 

10.561 

1x063 

8.9248 

1x5085 

7.7296 

ix>030 

12.888 

1.0045 

10.529 

1.0064 

8.9018 

1.008s 

7.7124 

ix»30 

12.840 

ixx>46 

10.497 

1.0064 

8.8790 

iJooSs 

7.6953 

I.003I 

12.793 

1.0046 

10.465 

1.0064 

8.8563 

1.0086 

7.6783 

ix>03i 

12.745 

1.0046 

10.433 

ijoo6s 

8.8337 

X.0086 

7.6613 

ix»3i 

12.698 

X.0046 

10.402 

ix)o6s 

8.8112 

1x5087 

7.6444 

1. 0031 

12.652 

1.0047 

10.371 

1.0065 

8.7888 

1:0087 

7.6276 

IXX>32 

12.606 

1.0047 

10.340 

1.0066 

8.766s 

t.0087 

7.6108 

IX>032 

12.560 

1.0047 

10.309 

1.0066 

8.7444 

X.0088 

75942 

1X>032 

12.514 

1.0048 

10.278 

1.0066 

8.7223 

X.0088 

7.5776 

1.0032 

12.469 

1.0048 

10.248 

1.0067 

8.7004 

X.0089 

7.5611 

IX>032 

12.424 

1.0048 

10.217 

1.0067 

8.6786 

1.0089 

75446 

1.0033 

12.379 

X.0048 

10.187 

1^x367 

8.6569 

1.0089 

7.5282 

ix)033 

12.335 

1.0049 

10.157 

1.0068 

8.6353 

1.0090 

7.5119 

1x3033 

12.291 

X.0049 

10.127 

1.0068 

8.6138 

1*0090 

7.4957 

x.0033 

12.248 

1.0049 

10.098 

1.0068 

8.5924 

1x^090 

7.4795 

1.0034 

12.204 

1.0050 

10.068 

X.0069 

8.57" 

1.0091 

7.4634 

1.0034 

X2.161 

1.0050 

10.039 

1.0069 

8.5499 

1. 0091 

7-4474 

1.0034 

12.118 

1.0050 

10.010 

1.0069 

8.5289 

1.0092 

7.431S 

1.0034 

12/576 

1.0050 

9.9812 

1.0070 

8.5079 

1.0092 

7.4156 

1.003s 

12.034 

ix>o5i 

9.9525 

1.0070 

8.4871 

1.0092 

7-3998 

1.003s 

XI. 992 

1.0051 

9.9239 

1.0070 

8.4663 

1.0093 

7.3840 

1.003s 

11.950 

ix)05i 

9-8955 

1.0071 

8.4457 

1.0093 

7.3683 

1-0035 

11.909 

1.0052 

9.8672 

1.0071 

8.4251 

1.0094 

73527 

ix>036 

11.868 

1.0052 

9.8391 

1.0071 

8.4046 

1x5094 

7.337a 

ix)036 

J1JR2S 

IX>052 

9.8112 

1.0072 

8.3843 

1.0094 

7.3217 

x.0036 

11.787 

1.0053 

9.7834 

1XX>72 

8.3640 

1X509S 

7.3063 

X.0036 

X  1.747 

1.0053 

9.7558 

ixx)73 

8.3439 

ix)09S 

7.2909 

X.0037 

11. 707 

1.0053 

9.7283 

1.0073 

8.3;J38 

1.0096 

7.2757 

xx»37 

11.668 

1.0053 

9.7010 

ix)073 

8.3039 

1.0096 

7.2604 

1.0037 

11.628 

X.0054 

9.6739 

ix)074 

8.2840 

1.0097 

7.2453 

1.0037 

11.589 

1.0054 

9.6469 

1.0074 

8.2642 

1.0097 

7.2302 

iJOOsS 

11.550 

1.0054 

9.6200 

ix»74 

8.2446 

1.0097 

7.2152 

1.0038 

11.512 

1.005s 

9-5933 

1X3075 

8.2250 

1.0098 

7.2002 

ix»38 

11.474 

1.0055 

9.5668 

1.0075 

8.2055 

IXX598 

7.1853 
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8°           1 

9 

0 

10^       1 

w      1 

/ 

Sec. 

Co-sec. 

Sec. 

G>-S£C. 

Sec. 

C0.REC. 

Sec 

Co-SBC. 

f 

0 

1.0098 

7-1853 

1.0x35 

6.3934 

1*154 

S-7588 

1*187 

5.2408 

60 

X 

I4X}99 

7.x  704 

X.0135 

6.3807 

10x55 

5-7493 

1*188 

5.2330 

59 

a 

XJ0099 

7-1557 

XX>X35 

6.3690 

1.0x5s 

5-7398 

1.0188 

5.2252 

58 

3 

IJ0099 

7.X409 

xx>xa6 

6.3574 

X.0X56 

5-7304 

XX/189 

5.21 74 

SI 

4 

XAIOO 

7.X263 

1.0x36 

6.3458 

1*156 

5.72x0 

1*189 

5- 2097 

56 

s 

I.OIOO 

7.XXX7 

IX>I37 

6.3343 

1*157 

5.7117 

1*190 

5.2019 

55 

6 

I.OIOX 

7.0973 

X.0137 

6.3338 

1*157 

5-7023 

z*x9i 

5.1942 

54 

7 

X.OIOX 

7u>827 

X.0138 

6.3113 

1*158 

^•^^0 

1*191 

5.1865 

53 

• 

8 

XX>I03 

7*683 

X.0138 

6.2999 

1*158 

5.6«38 

1*193 

5.1 788 

5J 

9 

XAzoa 

7-0539 

XX>X39 

6.3885 

1*159 

5-6745 

1*192 

5.1712 

51 

10 

Z.0Z03 

7.0396 

X.0139 

6.3773 

1*159 

5.6653 

1*193 

5.1636 

50 

II 

1^103 

7.0354 

1.0130 

6.3659 

X.0160 

5-6561 

1*193 

5-1560 

^ 

12 

XAI03 

7.01  Z3 

1.0x30 

6.2546 

i*x6o 

5.6470 

1*194 

5.1484 

48 

13 

1^104 

6.9971 

X.013X 

6.2434 

z*x6i 

5-6379 

1*195 

5-1409 

47 

14 

1. 0104 

6.9830 

1.0x31 

6.3333 

1*163 

5.6288 

1*195 

5.1333 
5.1258 

4^ 

IS 

xx>io4 

6.9690 

1.0x33 

6.32X1 

1. 0163 

S-6197 

1.0x96 

4S 

x6 

i^ios 

6.9550 

1*133 

6.3  xoo 

X.  163 

5-6x07 

1.OZQ6 

5.1183 

M 

;i 

1^x05 

6.9411 

1-0x33 

6.X990 

1*163 

5.60x7 

1.0197 
X.0198 

5.1109 

43 

1 .0106 

6.9373 

1*133 

6.X880 

1 .0164 

5-5928 

5.1034 

43 

19 

X.0106 

6.9135 

1-0x34 

6.X770 

1*164 

5-5838 

1.0198 

5*960 

41 

30 

ix>io7 

6.8998 

i*X34 

6.i66x 

i*x6s 

5.5749 

1-0199 

5*886 

# 

91 

ix>io7 

6.8861 

1*135 

6.1552 

X.0165 

5-5660 

1*199 

5*813 

2 

33 

ix>io7 

6.872s 

1*135 

6.X443 

i*x66 

5-5572 

X.0200 

5*739 

3i 

33 

X.0108 

6.8589 

X.0136 

6.X335 

x*x66 

S-54«4 

I*30Z 

5*666 

3: 

34 

XA108 

6.8454 

1*136 

6.X227 

1.0x67 

5.5396 
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1.1341 

3.1196 

1.1450 

2.0530 

1.1564 

X.9910 

1.168s 

10 

1.1343 

3.1185 

1-1453 

2.0519 

1.1566 

1.9900 

1.1687 

IX 

1. 1345 

3.1173 

1.1454 

3.0508 

1.1568 

1.9890 

1.1689 

la 

I-I347 

3.1163 

1.1456 

3.0498 

1.1570 

1.9880 

1.1691 

13 

1-1349 

3.1150 

1.1458 

3.0487 

1.1572 

1.9870 

1.1693 

14 

1.1350 

3.1139 

1.1459 

3.0476 

1.1574 

1.9860 

1.1695 

IS 

1-135* 

3.1127 

1.1461 

3.0466 

1.1576 

1.9850 

1.1697 

x6 

1.I3S4 
1.1350 

3.1116 

1.1463 

2.0455 

1.1578 

1.9840 

1.1699 

X7 

3.1104 

I.1465 

3.0444 

1.1580 

1.9830 

1.1701 

18 

I-13S7 

3.1093 

1. 1467 

3.0434 

1.1583 

1.9830 

1.1703 

19 

I-I3S9 

3.1083 

1.1469 

3.0423 

1.1584 

1.981 1 

1-1705 

so 

1.1361 

3.1070 

1.1471 

3.0413 

1.1586 

1.9801 

1.1707 

ax 

X.1363 

3.1059 

I -1473 

3.0403 

1.1588 

1.9791 

1.1709 

33 

1.1365 

3.1048 

1.1474 

3.0392 

1.1590 

1. 9781 

1.1713 

23 

Z.1366 

3.1036 

1.1476 

3.0381 

1.1592 

1.9771 

1.1714 

24 

1.1368 

3.I035 

1.1478 

3.0370 

1.1594 

1.9761 

1.1716 

as 

1.1370 

3.1014 

1.1480 

3x>36o 

1.1596 

1-9752 

1.1718 

a6 

1-1373 

3.I003 

1.1483 

3.0349 

1.1598 

1.9743 

1.1720 

37 

1.1373 

2.0991 

1.1484 

2.0339 

Z.1600 

1-9732 

1.1723 

38 

1.1375 

3.0980 

1.1486 

3.0339 

1. 1603 

X.9723 

1.1724 

39 

1-1377 

3.0969 

x.1488 

3.0318 

1.1604 

1.9713 

1.1726 

30 

1-1379 

3.09S7 

x.1489 

3.0308 

1. 1606 

1.9703 

1.1738 

31 

1. 1381 

3.0946 

1.1491 

2.0297 

x.i6od 

1.9693 

1.1730 

33 

1.1383 

2-0935 

1.1493 

2.0287 

1.1610 

1.9683 

<.i732 

33 

1.1384 

3.0934 

I.X495 

3.0376 

Z.1613 

1.9674 

1.1734 

34 

1. 1 386 

3.0913 

1.1497 

3X>366 

1.1614 

1.9664 

1.1737 

35 

1.1388 

3X>901 

1.1499 

3.0256 

1.1616 

1.9654 

1.1739 

36 

1.1390 

3X>89o 

1.1501 

3.0345 

1.1618 

1.964s 

1.1741 

37 

11391 

3.0879 

1. 1503 

3.0235 

1.1620 

1.9635 

1.1743 

38 

1.1393 

3.0868 

1-1505 

2.0334 

1.1623 

1.9635 

1.1745 

39 

1.1395 

3X>857 

1.1507 

2.0214 

1.1624 

1.9616 

1.1747 

40 

1.1397 

3^)846 

1.1508 

3.0304 

1.1626 

1.9606 

1.1749 

41 

1.1399 

3.0835 

1.1510 

3.0I94 

1.1638 

1.9596 

1.1751 

4a 

1.1401 

3.0834 

1.1513 

3.0183 

1.1630 

1.9587 

1.1753 

43 

1. 1402 

2.0813 

1.1514 

3.0173 

1.1633 

1.9577 

1.1756 

44 

1.1404 

3.0801 

1.1516 

3.0163 

1.1634 

1.9568 

1.1758 

-♦f 

1.1406 

3.0790 

1.1518 

3.0152 

1.1636 

1.9558 

1.1760 

46 

1.1408 

3^779 

1.1530 

2.0143 

1.1638 

X.9549 

1.1762 

-♦I 

1.1410 

2.0768 

1.1533 

3.0133 

1.1640 

1.9539 

1.1764 

48 

1.14x1 

2.0757 

1.1524 

S.OI33 

1.1643 

X.9530 

1.1766 

49 

1.1413 

3.0746 

1.1526 

3.0111 

1.1644 

1.9520 

X.1768 

50 

1.1415 

2-0735 

1.1528 

3.0101 

1.1646 

1.95 10 

1-1770 

51 

1.1417 

3X>725 

1.1530 

3.0091 

1. 1648 

X.9501 

1.1772 

5a 

1.1419 

3.0714 

1.I53I 

3.0081 

1.1650 

1.9491 

1.1775 

53 

1.1431 

2.0703 

1.1533 

3.0071 

1.1652 

1.9483 

1.1777 

54 

1.1433 

2.0693 

1.1535 

3.0061 

1.1654 

1.9473 

1.1779 

55 

Z.1434 

3.0681 

I.I537 

2.0050 

1.1656 

1.9463 

1.1781 

56 

1. 1436 

3.0670 

1-1539 

3X>040 

1.1658 

1-9454 

1.1783 

57 

1.1438 

3.0659 

1-1541 

2.0030 

1.1660 

1.9444 

1.1785 

58 

1.1430 

3.0648 

1.1543 

2.0020 

1.1662 

1-9435 

1.1787 

59 

1.143a 

3x>637 

1.1545 

2.0010 

1.1664 

1-9425 

1.1790 

So 

1.1433 

3^)637 

1.1547 

2X>000 

1.1666 

1.9416 

1.1792 

/ 
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.9416 
.9407 
9397 
9388 
9378 

9369 
9360 

9350 
9341 
9333 
9333 

9313 
9304 
9295 
9285 
9276 
9267 
9258 
.9248 

.9239 
.9230 

.9331 
.9213 
.9203 

•9193 
.9184 

.9175 
.9166 

•9157 
.9148 

.9139 

.9130 

•9131 

.9112 
.9103 

.9093 
.9084 

.9075 

.9066 

-9057 

.9048 

.9039 
.9030 

.9021 

.9013 
.9004 

.8995 
.8986 

.8977 
.8968 

.8959 
.8950 
.8941 

.8933 

.8924 

.8915 
.8906 

.8897 

.8888 
.8879 
.8871 
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60 

59 

58 
57 
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54 
53 
52 
51 
50 

49 
48 
47 
46 
45 
44 
43 
43 

41 
40 

3 

37 
36 
35 
34 
33 
33 
31 
30 

39 
38 

37 
36 

35 
24 
23 
33 

31 
30 

19 
18 

17 
x6 

15 
14 
13 

X3 
XX 
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9 
8 

7 
6 
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GENERAL  TABLES  AND  FORMULiE 


32*    1 

330     1 

340     1 

35«    1 

/ 

Sic. 

C0-6KC. 

Sic. 

C0-6XC. 

Sic. 

Co-sxc. 

Sec. 

C0.6BC. 

0 

Z.I79* 

1.887X 

z.x9a4 

1.8361 

z.ao6a 

X.7883 

i.aao8 

1.7434 

z 

I.X794 

Z.I796 

x.886a 

z.X9a6 

1.8352 

z.ao64 

1.7875 

z.aaio 

1.7437 

9 

1.8853 

z.i9a8 

1.8344 

1.3067 

1.7867 

1.33X3 

Z.7430 

3 

X.Z798 

*-!!^ 

Z.X930 

'•f^^S 

x.ao69 

Z.7860 

x.aaz5 

Z.7413 

4 

Z.I800 

1.8836 

1.1933 

Z.8338 

1.3073 

z.785a 

z.aax8 

1.7405 

5 

z.iSoa 

x.88a7 

1-1935 

x.8330 

X.3074 

1-7844 

z.aaao 

Z.7398 

6 

Z.X80S 

X.8818 

1-1937 

X.83II 

1.3076 

1.7837 

x.aaa3 

Z.739I 

I 

X.J807 

"•S?^ 

1-1939 

1.8303 

I.3079 

1.7839 

1.3335 

1.7384 

Z.Z809 

1.880X 

1.1942 

Z.839S 

x.3o8x 

1.7831 

i.aaa8 

1-7377 

9 

Z.181X 

"-?7g3 

1-1944 

Z.8387 

X.3083 

1.78x4 

x.aa30 

1.7369 

10 

Z.x8x3 

1.8783 

1.1946 

1.8379 

x.3086 

X.7806 

1^333 

x.736a 

ZI 

Z.i8x5 

18785 

1.1948 

x.8a7i 

z.ao88 

1.7798 

1.3335 

X.7355 

za 

Z.Z818 

X.8766 

1.1951 

1.8363 

x.ao9i 

1.7791 

X.3338 

1.7348 

»3 

i.i8ao 

1.8757 

1.1953 

1.8355 

X.3093 

1.7783 

x.3a40 

1.7341 

14 

z.x8aa 

1.8749 

1.1955 

Z.8346 

X.309S 

1.7776 

x.aa43 

1.7334 

IS 

Z.i8a4 

1.8740 

1.1958 

1.8338 

1.3098 

1.7768 

1.3345 

Z.7337 

z6 

1.X836 

1.873X 

1.1960 

1.8330 

x.axoo 

x.7760 

1.3348 

1.7319 

17 

X.x8a8 

1.8733 

1.196a 

1.833a 

X.3X03 

1.7753 

z.3350 

z-7313 

z8 

Z.X83X 

X.8714 

1.1964 

X.8314 

X.3X05 

1.7745 

x.3as3 

Z.730S 

19 

1.1833 

1.8706 

1.1967 

1.8306 

1. 3 107 

1.7738 

1.2255 

1.7398 

ao 

Z.183S 

1.8697 

1.1969 

1.8198 

X.3XXO 

1.7730 

1.3358 

1.7391 

az 

1.1831 

X.8688 

1.1971 

1.8190 

x.3xxa 

1.7723 

x.3a6o 

1.7384 

aa 

x.i83fir 

X.8680 

1.1974 

1.818a 

X.3XXS 

1.7715 

X.3363 

1.7377 

a3 

1.184X 

1.8671 

1.1976 

1.8174 

X.3XX7 

X.7708 

x.3a65 

1.7370 

a4 

X.1844 

1.8663 

1.1978 

1.8166 

1.3II9 

1.7700 

X.3368 

1.7363 

as 

X.Z846 

Z.8654 

1.Z980 

1.8158 

Laiaa 

1-7693 

1.3370 

1.7356 

a6 

Z.1848 

X.8646 

1.1983 

1.8150 

X.3X34 

1.768s 

X.3373 

1.7349 

11 

Z.Z850 

1.8637 

1.1985 

1.8x43 

X.3X37 

1.7678 

1.3376 

1.7343 

1.1853 

X.8639 

1.1987 

1.8134 

X.3I39 

X.7670 

1.3378 

1.7334 

a9 

1.1855 

i.86ao 

1.1990 

1.8x36 

X.3X33 

1.7663 

1.3381 

1.7337 

30 

x.i8s7 

X.86XX 

1.1992 

1.8x18 

1.3x34 

1.7655 

1.3383 

1.7320 

31 

i.i8S9 

1.8603 

1.1994 

X.8110 

1.8X36 

1.7648 

1.3386 

1.7313 

3a 

X.X861 

1.8595 

1.1997 

X.8X03 

X.3X39 

X.7640 

X.3388 

i.7ao6 

33 

Z.X863 

1.8586 

1.1999 

xJSo94 

X.3I4Z 

1.7633 

X.339I 

1.7199 

34 

X.X866 

1.8578 

i.aoox 

X.8086 

x.ai44 

1.7625 

X.3393 

1.719a 

X.Z868 

X.8569 

1.3004 

xA>78 

1.3x46 

1.76x8 

X.3396 

1.7x85 

36 

1.1870 

1.8561 

1.3006 

iA>70 

X.3X49 

1.76x0 

X.3398 

1-7178 

^1 

1.187a 

1.8552 

1.3008 

X.8063 

X.315X 

1.7603 

1.3301 

1.7171 

38 

1.1874 

1.8544 

I.30IO 

iA>54 

1.2x53 

1.7596 

1-3304 

1.7x64 

39 

1.1877 

1.8535 

1. 3013 

X.8047 

X.3X56 

1.7588 

X.3306 

1.7157 

40 

1.1879 

1.8527 

1.3015 

xA>39 

1.3x58 

1.7581 

1.3309 

1.71SI 

41 

1.188X 

1.8519 

i.aoi7 

iA33X 

i.ax6x 

1.7573 

1.331  X 

1.7144 

4a 

"•'ff^ 

1. 85 10 

i.ao30 

lA>33 

1.3x63 

1.7566 

1.3314 

1.7137 

43 

X.1886 

1.850a 

I.3033 

X.8015 

1.3x66 

1-7559 

1.33x6 

1.7130 

44 

1.1888 

1.8493 

1. 3034 

X.8007 

1.3x68 

1.7551 

1.33x9 

1.7133 

45 

1.1890 

1.848s 

1.3037 

1.7999 

I.3X7X 

1-7544 

x.33aa 

1.7x16 

46 

1.189a 

1.8477 

1.3039 

1.7992 

1.3X73 

1-7537 

1.3334 

1.7109 

^1 

1.1894 

X.8468 

1. 303 1 

1.7984 

1.2X75 

1.7529 

x.33a7 

1.7x0a 

48 

1.1897 

1.8460 

1.2034 

1.7976 

1.3178 

1.7522 

x.a339 

1.709s 

49 

1.X899 

1.845a 

1.3036 

1.7968 

X.3180 

1.7514 

x.333a 

1.7088 

SO 

X.X901 

1.8443 

1.3039 

1.7960 

1.3 183 

1.7507 

1.3335 

X.7081 

SX 

X.1903 

1.8435 

1.3041 

1.79S3 

1.318s 

1.7500 

1.3337 

1.7075 

S3 

1.1906 

1.8437 

1.3043 

1-7945 

I.3I88 

1-7493 

X.3340 

1.7068 

53 

X.1908 

1. 8418 

1.3046 

1.7937 

1. 3 190 

1.7485 

1.334a 

1.7061 

54 

X.19XO 

1. 8410 

1.3048 

1.7929 

1. 3193 

1.7478 

1.2345 

1.7054 

55 

1.191a 

Z.8403 

1.3050 

X.792X 

1.3X95 

1.7471 

1.3348 

1.7047 

56 

1.1915 

18394 

1.2053 

1.7914 

1.3198 

1-7463 

iJr3So 

1.7040 

^2 

1.X017 
I.i5i9 

1.8385 

1. 205s 

X.7906 

I.3300 

17456 

1-3353 

1.7033 

58 

1.8377 

1.3057 

1.7898 

1.3303 

1-7449 

1.3355 

i.7oa7 

59 

z.x9ai 

1.8369 

1.3060 

1.7891 

1.330S 

1.7442 

1.3358 

i.7oao 

60 

i.i9aa 

Z.836X 

I.S063 

Z-7883 

1.3308 

1-7434 

1. 3361 

1-70x3 

/ 
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Sec. 
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Sec. 
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36 

0 

37 

'0 

38P         II 

39«»         1 

Sac. 

Co-sec. 

Sec. 

CO-SEC. 

Sec. 

Co.fiEC. 

Sec. 

C041C. 

60 

X.9361 

X.7013 

X.353X 

x.66x6 

x.3690 

1.6343 

X.3867 

1.5800 
1.5884 

1.3363 

X.7006 

1.2524 

1.66x0 

1.2693 

X.6337 

X.387X 

IS 

X.9366 

X.6999 

X.3537 

X.6603 

X.2696 

X.633X 

X.3874 

1.5879 

X.3368 

1.6993 

X.3S30 

1.6597 

1.2699 

X.6324 

1.3877 

1.5873 

57 

1.2371 

1.6986 

1.3532 

1.6591 

X.2702 

.X.62X8 

X.2880 

1.5867 

56 

x-a374 

1.6979 

1.2S35 

1.6584 

X.2705 

I.6212 

X.3883 

X.5863 

55 

x.a376 

X.6972 

r.2538 

1.6578 

1.2707 

X.6206 

X.2886 

X.5856 

54 

i.a379 

X.6965 

1.2541 

1.6572 

X.27X0 

X.620O 

X.3889 

1.5850 

53 

1.3382 

1.6959 

1.3543 

1.6565 

1.2713 

X.6194 

X.3893 

1.5845 

52 

1.3384 

1.6952 

1.3546 

1.6559 

X.3716 

X.6188 

1.3895 

1.5839 

51 

1.3387 

1.6945 

1.2549 

1.6552 

1.37x9 

1.6x82 

1.3898 

1.5833 

50 

1.3389 

X.6938 

1.2552 

1.6546 

1.3733 

ZUSX76 

1. 3901 

1.5838 

^2 

1.3393 

1.6932 

1.2554 

1.6540 

1.3725 

1 .61 70 

1.2904 

1.5833 

48 

X.S395 

1.692s 

1.2557 

1.6533 

1.2738 

xU3i64 

1.3907 

X.58X6 

47 

x.a397 

X.6918 

X.3560 

1.6527 

1.2731 

1.6159 

1. 3910 

X.58XX 

46 

X.340O 

X.6912 

1.2563 

X.652X 

1.2734 

t.6153 

1.3913 

1.5805 

45 

X.2403 

"•^^ 

1.2565 

1.6514 

1.2737 

1.6x47 

X.3916 

1.5799 

44 

1.2405 

X.6898 

X.2568 

X.6508 

1.2739 

X.6X4X 

X.3919 

1.5794 

43 

X.3408 

X.689X 

1.2571 

1.6502 

X.2742 

X.6135 

X.3933 

1.5788 

4« 

X.34XI 

X.688S 

1.2574 

1.6496 

X.2745 

1.6129 

X.2926 

1.5783 

41 

1^413 

1.6878 

1.2577 

X.6489 

1.2748 

1.6x23 

X.3939 

1.5777 

40 

X.3416 

Z.687X 

1.2579 

1.6483 

1.3751 

tj6ii1 

X.2932 

1.5771 

U 

x.a4i9 

X.6865 

X.3583 

1.6477 

1.2754 

X.6XXX 

X.2935 

1.5766 

, 

X.3431 

X.6858 

X.2S85 

1.6470 

1.2757 

X.6105 

X.2938 

1.5760 

37 

1.3424 

X.685X 

1.2588 

1.6464 

X.2760 

iA>99 

1. 2941 

1.57SS 

36 

1.2427 

'•^1 

1.2591 

iiS458 

1.2763 

X.6093 

X.3944 

1.5749 

35 

1.2439 

X.6838 

1.2593 

1.6452 

1.2766 

X.60S7 

1.2947 

1.5743 

34 

X.2432 

X.683X 

1.2596 

XA445 

1.2769 

1.608X 

X.3950 

1.5738 

33 

X.2435 

1.6825 

1.2599 

1.6439 

X.2773 

xA>77 

1. 2953 

1.5732 

32 

X.2437 

X.6818 

X.2602 

1.6433 

1.277s 

X.6070 

X.3956 

1.5727 

31 

X.3440 

X.6813 

1.2605 

X.6437 

X.3778 

x.6064 

1.3960 

1.5721 

30 

X.3443 

X.6805 

1.2607 

1^6430 

1. 3781 

X.6058 

1.2963 

1.5716 

^ 

X.344S 

1.6798 

X.26XO 

X.6414 

X.3784 

X.6052 

X.3966 

1.5710 

X.3448 

XJ6793 

X.26X3 

X.6408 

X.3787 

X.6046 

1.2969 

1.5705 

'I 

X.345X 

X.6785 

X.2616 

X.6403 

1.2790 

X.6040 

X.2972 

1.5699 

96 

X.34S3 

X.6779 

X.2619 

X.6396 

1.2793 

xA>34 

X.2975 

1.5694 

25 

1.2456 

XJ6773 

X.3623 

1.6389 

1.2795 

X.6029 

X.2978 

1.5688 

24 

1.2459 

X.6766 

X.2624 

1.6383 

X.2798 

IJ602$ 

X.298X 

1.5683 

23 

1.246X 

1.6759 

X.2637 

1.6377 

X.280X 

tJ6oi'j 

X.2985 

1.5677 

33 

1.2464 

1.675a 

X.2630 

1.6371 

X.2804 

X.601X 

X.2988 

1.5672 

3X 

1.4467 

1.6746 

X.3633 

1.6365 

1.2807 

X.6005 

1.2991 

X.5666 

30 

1.2470 

1.6739 

X.2636 

1.6359 

1. 2810 

X.6000 

1.2994 

X.5661 

19 

x.a472 

1.6733 

X.2639 

1.6353 

X.2813 

1.5994 

1.2997 

X.5655 

x8 

X.2475 

X.6736 

X.2641 

1.6346 

x.28x6 

1.5988 

X.3000 

X.5650 

^t 

X.2478 

X.6730 

X.2644 

1.6340 

X.2819 

x,S982 

X.3003 

1.5644 

16 

X.2480 

1.67x3 

1.2647 

1.6334 

1.2823 

1.5976 

X.3006 

1.5639 

15 

1.2483 

1.6707 

1.2650 

1.6338 

X.3835 

1.5971 

X.30XO 

1.5633 

14 

X.2486 

XJ6700 

1.2653 

X.6333 

1.2828 

1.5965 

1.30x3 

X.5628 

13 

1.3488 

'•S^ 

X.2656 

1.63x6 

1.2831 

1.5959 

X.30X6 

X.5622 

13 

1.3490 

X.6687 

X.2659 

X.6309 

1.2834 

1.5953 

X.30X9 

1.5617 

XX 

1.2494 

I.668X 

X.366X 

X.6303 

1.2837 

1.5947 

X.3033 

1.561X 

XO 

1.3497 

1^5674 

Z.3664 

1.6397 

1.2840 

1.5942 

X.3035 

1.5606 

S 

1.2499 

1.6668 

Z.3667 

X.6391 

1.2843 

1.5936 

X.3039 

X.5600 

X.3503 

X.666X 

1.3670 

1.6385 

X.2846 

1.5930 

x.3033 

X.5S95 

7 

1.2505 

1.6655 

1.3673 

X.6379 

X.3849 

1.5924 

1-3035 

X.5590 
1.5584 

6 

1.3508 

1.6648 

X.3676 

1.6373 

Z.2852 

1.5919 

1.3038 

5 

X.35XO 

X.6643 

X.3679 

IJ6267 

1.2855 

1.5913 

X.304X 

1.5579 

4 

1.2513 

X.6636 

1.368X 

X.6361 

X.3858 

1.5907 

X.3044 

1.5573 
1.5568 

3 

X.35X6 

X.6639 

1.3684 

1.6355 

X.386X 

1.5901 

X.3048 

a 

1.2519 

X.6633 

X.3687 

1.6249 

X.3864 

X.5896 

X.3051 

1.5563 

X 

1.2521 

x.66x6 

X.3690 

1.6243 

X.2867 

X.5890 

1.3054 

1.5557 

0 

Co-BBC. 

Sxc. 

P>4BC. 

Sec. 

Co-SEC. 

Sec. 

Co-SEC. 

Sec 

t 

5. 

30 

n « 

20 

11         5 

1<» 

5 

00 

^— 

878 


GENERAL  TABLES  AND  FORMULAE 


4(y>       1 

410     1 

420         \ 

43<>    \ 

/ 

Ssc. 

Co-sic. 

Sbc. 

Co-SEC. 

Sbc 

Co-SEC. 

Sec. 

CO^BC. 

0 

X.J054 

1-5557 

1.3350 

1.524a 

1-3456 

1-4945 

1-3673 

i.466t 
1-4658 

I 

1.3057 

1.555a 

1.3353 

1.5237 

X.3460 

1.4940 

X.3677 

a 

X.3060 

1.5546 

1.3357 

1.5232 

1.3463 

1-4935 

X.368X 

1-4654 

3 

X.3064 

1.5541 

z.3a6o 

X.5227 

1.3467 

1-4930 

1-3684 

1-4649 

4 

X.3067 

1-5536 

1.3263 

x.saaa 

1.3470 

1.4925 

1.3688 

1-4644 

5 

X.3070 

1.5530 

X.3367 

1.5217 

1-3474 

X.4921 

1.3692 

X.4640 

6 

X.3073 

1.5535 

1.3370 

1.5213 

1-3477 

1.49x6 

1.3695 

1-4635 

7 

X.3076 

X.SS30 

1.3374 

X.5207 

1.3481 

X.491X 

1.3699 

1-4631 

8 

1,3080 

1.5514 

1.3377 

X.5303 

1.3485 

1.4906 

1.3703 

1.4626 

9 

1.3083 

1.5509 

Z.3380 

15197 

X.3488 

X.4901 

1-3707 

X.4633 

xo 

X.3086 

1.5503 

1.3284 

1.5192 

1-3493 

1-4897 

1.3710 

1.46x7 

xz 

1.3089 

1.5498 

X.3287 

1.5187 

1-3495 

1.4892 

1.3714 

1-46x3 

13 

1.309a 

15493 

1.3390 

z.5i8a 

1.3499 

X.4887 

1.3718 

X.4608 

13 

X.3096 

1.5487 

1.3294 

1.5177 

X.3503 

Xw488a 

x.372a 

1-4604 

14 

1.3099 

1.548a 

1.3297 

1.5171 

1.3506 

1-4877 

13725 

1-4599 

IS 

X.3X03 

1.5477 

X.330X 

1.5166 

1.3509 

1-4873 

1.3729 

1-4595 

x6 

1.3x05 

1.5471 

1.3304 

X.516X 

1-3513 

1^868 

1.3733 

1-4S90 

17 

1.3109 

1.5466 

1.3307 

1.5156 

1.3517 

'•^^ 

1.3737 

1-4586 

x8 

1.3113 

1.5461 

1.3311 

1.5151 

1.3530 

1.4853 

1.3740 

1-4581 

19 

1.3115 

15456 

1.3314 

1.5146 

1.3524 

1-4854 

1-3744 

1-4577 

90 

X.3XX8 

1.5450 

1.33x8 

1-5141 

1.3527 

1-4849 

1.3748 

1-4573 

ax 

i.3xaz 

15445 

x.33ax 

1-5136 

1.3531 

X.4844 

1-3752 

1.4568 

aa 

1.3x35 

15440 

1.3324 

1.5131 

1.3534 

1-4839 

13756 

1-4563 

83 

x.3ia8 

X.5434 

X.3328 

1.5x26 

1.3538 

1.483s 

1-3759 

1-4559 

»4 

1.3131 

1.5439 

1-3331 

1.513X 

1-3542 

XW4830 

1.3763 

Z.4554 

as 

1.3134 

1.5434 

1-3335 

X.5X16 

1-3545 

14825 

1.3767 

1.4550 

a6 

X.3138 

1.5419 

1-3338 

X.5XXX 

1.3549 

X^83I 

1.3771 

1-4545 

n 

1-3141 

1.5413 

1-3342 

X.5X06 

1-3552 

X.48X6 

1.3774 

1-4541 

1.3144 

X.5408 

1-3345 

1.510X 

1.3556 

X.48IX 

1.3778 

1.4536 

39 

1.3x48 

1.5403 

1-3348 

1.5096 

1.3560 

X.4806 

1.3782 

1.4533 

39 

1.3151 

1.5398 

1.3352 

1.5092 

X-3563 

x48o3 

1.3786 

x-45a7 

31 

1.3154 

1.5393 

1.3355 

X.5087 

1-3567 

1-4797 

1.3790 

1-4523 

33 

1.3157 

1.5387 

1.3359 

1.5083 

1-3571 

1.4792 

1.3794 

1.4518 

33 

1.3161 

1.538a 

1.3362 

1.5077 

1-3574 

x-4788 

1.3797 

14514 

34 

X.3164 

1-5377 

X.3366 

1.5072 

1.3578 

1-4783 

1. 3801 

1-4510 

35 

X.3167 

1.5371 

13369 

1.5067 

1-3581 

1-4778 

1.3805 

1.4505 

36 

X.3170 

1.5366 

1.3372 

x.5o6a 

1.3585 

1-4774 

1.3809 

1.4SOX 

37 

13174 

1.5361 

1.3376 

1-5057 

1.3589 

1.4769 

1.3813 

1.4496 

38 

1-3177 

1-5356 

1-3379 

1.5053 

1.359a 

1.4764 

1.38x6 

1.449a 

39 

1.3180 

1-5351 

1.3383 

1.5047 

1-3596 

1.4760 

i.38ao 

1.4487 

40 

X.3184 

1.5345 

X.3386 

1.504a 

X.3600 

1-4755 

1.3824 

1.4483 

41 

1.3187 

1.5340 

1.3390 

1.5037 

1.3603 

1.4750 

1.3828 

1.4479 

42 

1.3190 

1-5335 

1.3393 

1-5033 

1-3607 

1-4746 

X.3832 

1.4474 

43 

1.3193 

1.5330 

1.3397 

X.5037 

1.36x1 

1-4741 

1.3836 

1.4470 

44 

1.3197 

1.5335 

X.3400 

i*503a 

1. 3614 

1-4736 

1.3839 

1.4465 

4S 

X.3300 

1.5319 

1.3404 

X.5018 

X.3618 

1-4732 

1-3843 

1.4461 

46 

1.3203 

15314 

1.3407 

1.5013 

1.3633 

1-4727 

1.3847 

1.4457 

47 

1.3307 

1-5309 

1.3411 

X.5008 

1.3635 

1-4733 

1.3851 

1.445a 

48 

x.3aio 

1-5304 

1.3414 

X.5003 

1.3639 

1.47x8 

1.385s 

1-4448 

49 

1.3213 

1-5399 

1. 34 18 

1-4998 

X.3633 

1.4713 

1.3859 

1-4443 

SO 

1-3317 

1.5394 

1.3431 

1.4993 

X  43636 

1-4709 

1.3863 

1.4439 

SI 

z.33ao 

1.5389 

1-3435 

1.4988 

1.3640 

1-4704 

1.3867 

1.4435 

Sa 

i*.33a3 

1-5283 

1.3428 

1-4983 

1.3644 

1.4699 

1.3870 

1.4430 

S3 

X.3337 

1.5278 

1.3432 

1.4979 

X.3647 

1.4695 

1.3874 

1-4436 

54 

X.3130 

1-5273 

1.3435 

1-4974 

1.3651 

1-4690 

1-3878 

i-44aa 

SS 

1.3333 

1.5268 

1.3439 

1.4969 

1.3655 

X.4686 

1.388a 

1.4417 

56 

1.3337 

1.5263 

1.3442 

14964 

X.3658 

X.468X 

1.3886 

1.4413 

^2 

1.3340 

1.5258 

1.3446 

14959 

1.3663 

1^76 

1.3890 

14408 

S8 

1.3343 

1.5253 

1.3449 

1.4954 

X.3666 

x.467a 

*-^ 

14404 

59 

1.3247 

1.5348 

1.3453 

1.4949 

1.3669 

1.4667 

1-3898 

14400 

60 

X.3250 

1.5243 

1.3456 

1-4945- 

13673 

1.4663 

1.390a 

14395 

/ 

CO-SKC. 

Sec. 

Co-SEC. 

Sec. 

Co>SEC. 

Ssc. 

Co-SEC. 

Sec 

41 

^o 

4. 

8° 

4' 

70 

U    4< 

V* 

NATURAL  SECANTS  AND  CO-SECANTS 


879 


44° 

1 

440 

44»         I 

f 

&c. 

Co-SEC. 

t 
60 

f 
21 

Sec;- 

Co-SEC. 

3g 

41 

Sbc 

Co-SEC. 

0 

1.3902 

1-4395 

^'^Jk 

1-4305 

14065 

i.4aai 

X 

1-3905 

1.4391 

59 

22 

1.3988 

I.430I 

38 

42 

1.4069 

1.4217 

fl 

1.3909 

1.4387 

58 

23 

1.399a 

1.4297 

37 

43 

14073 

1.4212 

3 

1-3913 

1.4382 

57 

24 

1.3996 

1.4292 

36 

44 

14077 

1.4208 

4 

1-3917 

1.4378 

S6 

25 

1.4000 

1.4288 

35 

45 

1. 4081 

1.4204 

5 

1.3921 

1.4374 

55 

26 

1.4004 

Z.4284 

34 

46 

1.4085 

1.4200 

6 

1-3925 

1.4370 

54 

27 

1.4008 

1^(280 

33 

47 

1.4089 

1. 4196 

7 

1-3929 

1^*365 

53 

28 

1.4012 

1.4276 

32 

48 

14093 

1.4192 

8 

1.3933 

14361 

52 

29 

1. 4016 

I.4271 

31 

49 

1.4097 

1. 4188 

9 

1.3937 

1.4357 

51 

30 

1.4020 

1.4267 

30 

50 

1.4101 

1.4183 

20 

13941 

1.435a 

50 

31 

1.4024 

1.4263 

29 

51 

1.4105 

1.4179 

zx 

1.394s 

1.4348 

49 

32 

1.4028 

1.4259 

28 

52 

1. 4109 

1-4175 

za 

1.3949 

1.4344 

48 

33 

1.4&32 

1.4254 

27 

S3 

14113 

1-4171 

13 

1-3953 

14339 

47 

34 

1.4036 

1.4250 

26 

54 

1.4117 

1. 4167 

X4 

1.3957 

1.4335 

46 

35 

1.4040 

Z.4246 

45 

55 

1.4122 

1^4163 

'5 

1.3960 

1.4331 

45 

36 

1.4044 

1.4242 

24 

56 

1. 41 26 

1.4159 

z6 

1.3964 

i~4327 

44 

37 

1.4048 

14238 

23 

57 

1.4130 

1.4154 

17 

1.3968 

1.4322 

43 

38 

1.4052 

14233 

22 

S8 

1. 41 34 

1.4150 

x8 

1.3972 

Z.4318 

42 

39 

1.4056 

IVP29 

ai 

59 

1.4138 

Z.4146 

19 

1-3976 

1.4314 

41 

40 

1.4060 

14225 

20 

60 

1.414a 

1.414a 

90 

1.3980 

1.4310 

40 

t 

/ 

/ 

/ 

Co-SEC. 

Sec. 

Co-SEC. 

Sec 

CO-SEC. 

Sic. 

4. 

V" 

4i 

5** 

46«»        1 

19 

iSi 

17 

z6 

15 
14 
13 
12 
II 
10, 

9 

8 

7 
6 

S 

4 

3 

a 
I 
o 


88o 


GENERAL  TABLES  AND  FORMULAE 


Table  74 

^ 

— 1  ' 

N. 
xoo 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

Diff 

000000 

0434 

0868 

1301 

1734 

2166 

3598 

3029 

3461 

3891 

^ 

xox 

^ 

4751 

5181 

5609 

6038 

6466 

6894 

7321 

^7748 

Jm 

4* 

xoa 

9036 

1 

9870 

^300 

•0724 

*"47 
5360 

•X570 

*X993 

^i 

m 

X03 

013837 

3259 

4100 

^6942 

4940 

5779 

6197 

^ 

KM 

7033 

021 189 

745X 
1603 

5715 

7868 
2016 
6125 

6533 

9116 
3252 
7350 

9947 

A4S6 

*§ 

416 

4fl8 

^ 

9384 

n 

*oi95 

*o6oo 

♦1004 

*I408 

•2216 

•3021 

4<4 

033424 
7426 

4227 

4628 
8620 

5029 

5430 

5830 

6230 

6629 

J°^ 

400 

X09 

7825 

8223 

9Q17 

9414 

981X 

^XXiUJ 

*o6o2 

•b998 

397 

N. 

Diff. 

z 

a 

3 

4 

5 

6 

7 

8 

9 

Diff 

434 

43 

87 

130 

174 

217 

260 

304 

347 

39X 

43t 

433 

43 

ll 

130 

X73 

317 

360 

3P3 

346 

4SS 

43a 

43 

86 

130 

X73 

3X6 

259 

30^ 

346 

309 

«», 

43X 

43 

86 

129 

172 

2X6 

250 

302 

345 

388 

43»^ 

430 

43 

86 

i?9 

172 

2X5 

258 

301 

344 

387 

43P 

^ 

43 
43 

86 
86 

1% 

172 
17X 

215 
214 

257 
257 

300 
300 

343 
342 

3§5 

9 

- 

^ 

43 

§5 

128 

171 

2x4 

256 

s 

342 

3^4 

^ 

43 

f5 

128 

170 

213 

256 

341 

^3 

4»« 

4a5 

43 

fs 

128 

170 

213 

255 

298 

340 

3S3 

4K 

4*4 

42 

§5 

127 

170 

3X2 

254 

^ 

3^ 

3?* 

4M 

433 

42 

55 

127 

X69 

313 

254 

3?' 

4*3 

43a 

42 

1* 

;s 

SIX 

253 

295 

338 

380 

4M 

43Z 

42 

§* 

160 

2IX 

253 

295 

337 

379 

4«x 

430 

42 

84 

126 

x68 

3IO 

353 

294 

33t> 

378 

4« 

00 

#  ■ 

4x9 
4x8 

42 

!♦ 

126 

168 

2x0 

251 

293 

335 

377 

3 

1 

42 

f* 

125 

ig 

209 

«5i 

293 

334 

376 

416 

42 
42 

§3 
?3 

125 
125 

\Pf 

309 
3^ 

350 
350 

292 
391 

334 
333 

375 
374 

S 

^^ 

4x5 

42 

f3 

125 

166 

208 

^ 

29X 

332 

374 

4x5 

ij 

4x4 

41 

S^ 

124 

x66 

207 

aoo 

33X 

373 

4x4 

< 

4x3 

41 

53 

124 

165 

207 

248 

289 

330 

372 

4x3 

z 

4X3 

41 

82 

124 

.165 

206 

247 

388 

330 

37X 

4X2 

0 
H 

4XX 
4x0 

41 
41 

82 
83 

123 
123 

164 
164 

306 
205 

^ 

3B8 
287 

^ 

370 
3S9 

4XX 
4M 

S 

0 

OS 

» 

41 
41 

83 
82 

123 

122 

163 

205 
304 

245 
245 

386 
386 

U 

^ 

9 

^ 

41 

81 

122 

163 

304 

244 

285 

326 

3^ 

S 

406 

41 

81 

122 

X62 

303 

244 

^ 

325 

3^5 

405 

41 

81 

122 

X62 

2^3 

243 

^ 

-324 

355 

4« 

404 

40 

81 

121 

X62 

303 

343 

283 

3^ 

364 

4B« 

4Q3 

40 

81 

X2I 

x6i 

303 

343 

383 

322 

3^ 

4BS 

403 

40 

80 

121 

x6x 

30X 

241 

381 

322 

362 

4» 

40X 

40 

80 

120 

x6o 

30X 

241 

38x 

321 

361 

4» 

400 

40 

80 

130 

x6o 

300 

240 

ado 

320 

360 

4* 

Si 

40 
40 

80 
80 

130 
XI9 

x6o 
X59 

300 
X99 

239 

279 
277 

IS 

^ 

3 

^ 

40 
40 

79 
79 

119 
119 

^ 

3x8 
3x6 

i 

3 

395 

40 

79 

j;? 

^^ 

198 

237 

376 

3SS  90 

394 

39 

79 

X58 

X97 

336 

3x5 

355  laM] 

393 

39 

i 

118 

157 

197 

2Q6 

275 

3x4 

354 

an 

393 

39 

Z18 

^^ 

^5 

274 

3x4 

3S3 

a«i 

39X 

39 

Tf 

117 

196 

935 

274 

313 

35a 

w^ 

ago 

39 

78 

117 

X5^ 

X95 

234 

273 

3x2 

35X 

3P 

^ 

39 

22 

1X7 

156 

X95 

233 

373 

3x1 

X30 

S 

39 

78 

XI6 

X55 

X94 

233 

373 

3x0 

349 

Diff. 

Z 

a 

3 

4 

5 

6 

7 

8 

9 

JUA 

•Prom  Allen's  "Field  and  Office  Tables.*'    Copyright,  1903,  Z9X4,  Vj 
C*  f  •  Allen. 


LOGARITHMS  OF  NUMBERS 


M 

e 

I 

a 

3 

4 

5 

G 

7 

B 

IT 

Mff. 

is 

HIJ93 

P3 

610s 

S 

J3&" 

•S 

•■9H 

^ 

€ 

i 

ii! 

IS 

ug 

s 

1075 

§ 

s 

g 

g 

57*> 
9563 

3333 

614a 
9941 

^ 

s 

SSff 

g 

S9" 

1 

i 

i 

7004 

7731 

8S 

1 

7815 

^ 

no 

? 

954S 

9W 

■oaSS 

•06^ 

1 

•■347 

•1707 

•»67 

•taS 

3fio 

tai 

a 

7071 

3861 
J4a6 

778? 

Jg 

^9^ 

6004 
95S" 

i 

S 

^ 

■msS 

•0611 
413a 

•0963 

S 

•3 

■^ 

17M 
6115 

5L 

349 

N. 

Mff. 

I 

T 

3 

4 

s 

6 

7 

8 

9 

Ertff. 

^ 

39 

~77 

"Irf" 

■JS 

194 

13" 

aji 

310 

348 

I 

m 

77 

116 

170 

^ 

s 

i 

77 

"5 

154 

S 

130 

38 

3>3 

3S 

i 

"5 

153 

19a 

"30 

34S 

^ 

38 

"5 

"9 

>67 

3<* 

3« 

£ 

g 

t 

■51 

.90 

^ 

^ 

304 

SV 

s 

S 

^ 

■fi 
76 

114 
113 

ISJ 

'S, 

1 

06 

% 

303 

34' 

13 

^ 

g 

;i 

i 

a 

a63 

301 
301 

1 

3 

»S 

38 

18S 

MS 

^ 

300 

338 

375 

i 

37 

M 

iw 

M9 

ill 

»4 
«4 

361 

^ 

S 

374 
373 

S! 

a 

"3 

age 

335 

J7» 

S7 

74 

1B6 

^ 

j6o 

3 

371 

74 

IS 

1B5 

370 

i 

s3 

S7 

74 

iw 

148 

g 

S 

g 

S 

33' 

IS 

aS 

73 

IW 

i 

a 

™ 

5 

»94 
>93 

1 

s 

|g 

i 

M 

109 

n 

s 

SI 

•A 

1 

3 

1 

sS 

?^ 

109 

tSl 

nS 

»54 

317 

3? 

^ 

117 

3* 

9Gl 

36 

7i 

a 

353 

315 

3fll 

3«" 

36 

•n 

108 

180 

aS' 

3>4 

Sto 

iS 

i 

7a 

loS 

•44 

ISO 
179 

ai5 

|5J 

S 

3a 

^ 

3 

$ 

? 

107 

1 

3 

1 

S? 

aSs 

311 

^ 

36 

7" 

3 

178 

^ 

*4 

J30 

SS4 

aSj 

319 

114 

^ 

i 

70 

K16 

Ml 

S 

n? 

g 

381 
aaa 

31B 

3  "7 

333 

3ja 

3SI 

176 

181 

316 

3S" 

aso 

J5 

70 

105 

Si 

35 

i 

s 

14a 

ii 

309 

144 
M4 

3 

3M 

s 

347 

a78 

347 

Mff. 

~^ 

" 

3 

4 

s 

6 

7 

8 

9 

Diff- 

GENERAL  TABLES  AND  FORMULA 


». 

o 

I 

, 

3 

4 

5 

0 

7 

s 

_^ 

we. 

096910 

psT 

TfioT 

7951 

S29S 

8644 

'^ 

9SJS 

96SI 

•0026 

346 

""Si 

i 

8ai7 

i 

3091 

g 

^ 

S 

9916 

as 

i 

"9 

110590 

.i63 

■599 

■93* 

ifcj 

3940 

3375 

3609 

33S 

I30 

"^! 

7S03 

j6ii 

|9g 

g^ 

£ 

s 

•1 

5196 

660S 

6940 
•^45 

jy 

1 

>a9 

"11 

il 

33»7 

4S04 

1 

i 

i 

•i 

•oon 

J* 

i 

N. 

«.. 

I 

> 

_3_ 

4 

5 

e 

7 

8 

9 

DIf 

Si 

~35 

~g 

104 

;^ 

m 

»8 

341 

378 
377 

3^« 

IS 

3« 

!» 

J73 

3 

343 

276 

MI 

3« 

^ 

JO3 

344 

% 

306 

3 

1 

SOS 

3<> 

3*> 

S 

% 

!« 

w 

305 
304 

^ 

373 

S 

341 

S 

34 

68 

!SJ 

136 

;s 

^ 

i 

I7S 

305 

i 

i 

34 

!; 

101 

JM 

a 

3M 

s 

301 

3 

67 

301 

1= 

S' 

167 

334 

^ 

301 

i 

K 

133 

^61 

133 

'& 

a66 

300 

t 

33J 

i 

3 

'fis 

i 

33 

'J> 

16s 

364 

V 

S3 

M 

M 

p 

131 

g 

:8 

^ 

^3 

396 

9 

a»7 

6s 

98 

131 

16, 

'33I 

VI 

a 

316 

33 

65 

98 

■96 

pt 

353 

6; 

98 

130 

3^8 

260 

w 

g 

3*4 

g 

% 

"9 

!^ 

;U 

i 

s 

39» 

391 

3M 

K 

31 

*j 

^ 

i 

;s 

Isl 

193 

"S 

35S 

'57 

a. 

H 

96 

li8 

■9» 

35^ 

j» 

3Ig 

31 

64 

96 

138 

M3 

"55 

387 

s 

31B 

64 

93 

"7 

■59 

191 

323 

354 

386 

g 

^ 

if 

S 

354 

s 

s 

3» 

6j 

116 

384 

su 

3<4 

63 

■57 

351 

3*3 

3! 

6| 

94 

"5 

S 

187 

^:i 

350 
3!0 

381 

s 

|U 

3' 

61 

93 

m 

ISS 
'55 

^ 

3J? 

3 

380 

JO 

?s 

1; 

6» 

« 

;^ 

J55 

■85 

116 

•s 

|9l 

307 

■54 

1S4 

346 

sn 

Wff. 

~^ 

^" 

3 

4 

5 

6 

7 

8 

9 

i 

LOGARITHMS  OF  NUMBERS 


883 


N. 

0 

Z 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

z^ 

I46I28 

6438 

6748 

7058 

7367 

7676 

7985 

8294 

8603 

8911 

309 

MX 

1522^ 

9527 

9835 

♦0142 

*0449 

*o756 
9868 

•106s 

•1370 

♦1676 

♦1982 

307 

Z41 

2594 

2900 

6246 
92& 

3510 

4120 

4424 

4728 

♦1068 

305 

X43 
Z44 

^2 

fe^ 

§65 

9567 

*oi68 

•0469 

•^769 

303 
301 

l^ 

161368 

1667 

1967 

2266 

2564 

^f^§ 

3161 

3460 
6430 
9380 

11^ 

4055 

299 

4353 

4650 

•  4947 

5244 

5541 
8497 

5838 

^ 

7022 

297 

Z48 

7317 

7613 

7908 

8203 

8792 

9674 

9968 

295 

170262 

0555 

3769 

XI4I 

1434 

1726 

2019 

2311 

2603 

2895 

293 

149 

3186 

3478 

4060 

4351 

4641 

4932 

5222 

55" 

5802 

291 

X50 

176091 

6381 

6670 

6959 

7248 

7536 

7825 

81 13 

8401 

8680 

289 

X51 

181844 
4691 

9264 

9552 

9839 

•0126 

*04i3 

♦0699 

•0086 

•1272 

*I558 

287 

xsa 
Z53 

2129 
4975 

2415 

2700 

§ 

3270 
6108 

3555 
6391 

3839 
6674 

^ 

4407 
7239 

^5 
283 

Z54 

7521 

7803 

8928 

9209 

94go 
2289 

9771 

■^51 

281 

190332 

0612 

0892 

II7I 

1451 

1730 

2010 

2567 

2846 

276 

i^ 

3125 
5900 

It?? 

6453 

3959 
6729 

4237 
7005 

4514 
7281 

4792 
7556 

5069 
7832 

5346 
8107 

pi 

Z58 

8657 

8932 

9206 

9481 

9755 

♦0029 

♦0303 

*0577 

•0850 

H^ 

274 

159 

201397 

1670 

1943 

2216 

2488 

2761 

3033 

3305 

3577 

3848 

272 

N. 

Diff. 

Z 

2 

3 

4 

5 

6 

7 

8 

9 

Diff. 

306 

31 

61 

92 

122 

153 

^^ 

214 

245 

275 

306 

905 

31 

61 

92 

122 

153 

'13 

214 

244 

275 

305 

304 

3P 

61 

91 

122 

152 

182 

213 

243 

274 

304 

903 

30 

61 

91 

X2I 

152 

182 

212 

242 

273 

303 

3oa 

30 

60 

91 

121 

151 

181 

211 

242 

272 

303 

301 

30 

60 

90 

lao 

151 

181 

211 

241 

271 

30X 

300 

30 

'  60 

90 

120 

150 

180 

210 

240 

270 

300 

^ 

30 
30 

60 
60 

i 

120 
119 

150 
149 

179 
179 

309 

239 
238 

^ 

^ 

897 

30 

59 

89 

111 

140 

148 

178 

238 

267 

397 

396 

30 

59 

89 

178 

207 

237 

266 

396 

OS 

395 

30 

59 

Z18 

148 

177 

307 

236 

366 

395 

394 

29 

59 

88 

118 

147 

176 

S06 

235 

265 

394 

p*4 

393 

29 

59 

88 

117 

147 

176 

205 

234 

264 

393 

Oi 

393 

29 

58 

88 

X17 

146 

175 

204 

234 

263 

393 

h) 

< 

39Z 

29 

^ 

P 

116 

146 

175 

304 

233 

262 

39X 

390 

29 

58 

87 

116 

145 

174 

303 

232 

261 

390 

2 

;l§ 

29 

^ 

g 

116 

145 

173 

302 

231 

260 

^ 

0 

29 

58 

86 

"5 

144 

173 

202 

230 

2P 

1: 

*s 

29 

57 

86 

"5 

144 

172 

301 

230 

»fe 

06 

386 

29 

57 

86 

114 

143 

172 

200 

229 

257 

866 

0 

^S5 

20 

57 

86 

114 

143 

X71 

300 

228 

257 

385 

PU 

*?♦ 

28 

57 

85 

114 

142 

X70 

199 

227 

256 

*!♦ 

0 

383 

28 

57 

85 

113 

142 

X70 

190 

226 

255 

383 

0< 

383 

28 

56 

85 

"3 

141 

169 

197 

226 

254 

383 

(U 

38x 

28 

5^ 

84 

112 

141 

169 

197 

225 

253 

88z 

380 

28 

56 

84 

112 

140 

i68 

196 

224 

252 

380 

^ 

38 

5^ 

^ 

113 

140 

167 

195 

223 

251 

370 
378 

28 

56 

!3 

111 

139 

167 

195 

222 

250 

877 

28 

55 

83 

111 

139 

166 

194 

222 

^ 

277 

Qj6 

28 

55 

S3 

110 

»3| 

x66 

193 

221 

370 

a75 

28 

55 

83 

XIO 

138 

165 

193 

220 

248 

a75 

374 

27 

55 

82 

no 

137 

164 

192 

219 
21S 

247 

374 

a73 

27 

55 

82 

109 

137 

164 

191 

246 

373 

373 

27 

54 

82 

\^ 

136 

163 

190 

218 

245 

373 

371 

27 

54 

81 

136 

163 

190 

217 

244 

371 

Diff. 

Z 

a 

3 

4 

5 

6 

7 

8 

9 

Diff. 

884 


GENERAL  TABLES  AND  FORMULA 


». 

o 

. 

« 

3 

4 

5 

s 

7 

.  |. 

D» 

1 

na 

i 

3 

"79 

1 

1 

070* 

4663 
•ooji 
I7X. 

1 
0960 

a 

3338 

# 
1 

i 

8799 
1^ 

5»4 

s 
ii 

8913 
1470 

ts 
11 

879a 

i 

•1 

167s 

1979 
3044 

4306 

.5 

s 

9683 

31J4 

4770 

33M 

s 

3 

6366 

is 

9US 

34SS 
S033 

3541 

r4ji 

«55S 
S46 

3610 

361 

i 

3S> 

3 

3>St 

3411 

». 

Dlff. 

' 

• 

3 

4 

5 

6 

7 

8 

. 

DtC* 

S 
i 

< 
Z 
o 

1 

«7* 
■TO 

a 
s 

pi 

s 

141 

36 
96 
36 

36 
36 

36 

IS 

*i 

15 
as 

n 

54 

S3 
S» 

53 

5> 

1 

JO 

so 

SO 

49 
49 

4» 

a 

80 
ao 

78 
78 

1 

75 
75 

S 

106 

I 

100 

i 

1 

s 

13s 

i 
1 

■30 

130 
139 

3 

I3B 

\^ 

136 
134 

1 

161 
i«o 

1«0 

i 

;p 

ISS 

1 

131 

150 

■49 

■1 
S 

146 

s 

isg 

1 
1 

181 

i 

i 

173 

1 

3lg 
l\i 

3" 
MO 

3 

S 

306 

*J5 
304 

>03 

3D1 

i 

19s 
193 

>4S 

344 
»43 
341 
"41 

>3S 

"34 
a33 
^ja 

330 

3 
s 

aas 
»4 

V 

i 
a 

1 

s 

g 

» 

3 

>0 

Diff. 

' 

" 

3 

'1' 

e 

7 

8 

9 

dui 

LOGARITHMS  OF  NUMBERS 


iSl 

- 

■ 

«     1     3     i     4 

5 

6     I     7     1     8     1     9 

.„. 

0310 

0548 

^ 

JIBS 

£ 

3^33 

6958 

7198 

'^ 

3 

i 

»"9 

^1 

367171 

36S8 

i 

1 

•0446 
73S0 

1 

g 
8196 

i 
B51S 

1 

»9 

iga 

|TS7M 

a 

s 

9439 

f^ 

■s. 

•OIJJ 

1 

•s?; 

H' 

•toSrf 

1>8 

ii 

■9* 

ii 

g 

S 

73=3 

754> 

SI 

4882 

&,i6 

1 

9*) 

^378 

•0595 

•o8y 

Ml 

S35" 

B 

5781 

i 

1898 

i 

•0906 

s 

g 

3980 

i 

3 

(03 

« 

ffi 

5 

« 

« 

,^l 

•1330 

1S2 

T 

Dtff. 

■ 

• 

3 

4 

5 

6 

7 

« 

9 

DIff. 

^ 

«* 

:i 

V 

96 
95 

!19 

143 

167 
167 

191 

"S 

47 

!ii 

166 

»37 

13« 

165 

«36 

>! 

47 

70 

94 

"7 

mJ 

14 

1S7 

«J 

s 

5 

1 

»3 

!^ 

i 

i 

116 

i 

161 

IS6 

■i 

1 

46 

69 

'^ 

184 

^ 

i 

:^ 

£1 

i 

"4 

1 

S 

f 

b6 

»5 

^ 

^ 

« 

a 

"3 

3 

181 

304 

2 

•15 

"3 

90 

l"j 

J35 

158 

^ 

MJ 

1 

s 

» 

*S 

I 

% 

3 

^4 

fA 

B3 

178 

^ 

u 

s 

"0 

133 

ii 

;? 

3 

■aa 

"i 

«S 

'97 

:a 

»s 

ss 

87 

109 

131 

196 

:s 

B 

43 

% 

!i 

3 

155 

174 

19S 

:3 

s 

<5" 

iij 

«4 

43 

107 

150 

171 

»4 

»J3 

l\ 

% 

% 

IS 

'^ 

Ul 

'9' 

"13 

Diff. 

* 

~' 

3 

4 

5 

6 

7 

~B~ 

9 

dS 

GENERAL  TABLES  AND  FORMULA 


JL 

. 

JJ 

a 

3 

4 

5 

S 

7 

8 

9 

Mff, 

^ 

^ 

3MM5 

8173 

F 
fe 

«S9 

1 

3S11 
4930 
7018 
9106 

30>J 
9JI4 

3=34 

3445 

9730 

i 

i 

*>9 

056J 

0769 

1184 

i8d5 

14  S6 

J633 

^839 

3046 

335" 

3458 

3871 

i<m 

114 

33044 

0619 

5J05 

B 

53'o 

1 

i 

59^ 

as 

2034 

61 31 
2236 

»5 

"i 

asil 

3842 

3044 

& 

7659 

8257 

ail. 
"I 

ItJ 

^ 

Hl^ 

?^ 

g 

M58 
74S9 

^ 

^ 

m 

aiS 

8456 

8656 

8SS5 

9^54 

9451 

9650 

^9 

•a 

^■^ 

!S 

119 

340444 

0643 

0841 

"37 

1632 

1830 

J8l7 

3111 

3606 

3801 

3999 

J196 

197 

tas 

PI 

85CXJ 

47S5 

s 

g 

93^ 

5570 

5962 

Is 

196 

»t 

0839 

1603 

1796 

s 

Si 
Si 

?ii 

J37S 
8125 

Si 

sJts 

i 

i 

9^ 

1^1 

191 

MS 

•™5 

-0215 

•0404 

■0593 

•0783 

•(i97> 

•135° 

•'S39 

>3> 

5483 

1? 

5S75 

ii 

12 

S 

»SS9 

US 

P 

3=36 

IS 

Iss 

asa 

TM<5 

7915 

8)87 

■Sa 

S659 

9030 

9i.6 

9401 

9587 

977" 

9958 

•°i43 

•o5'3 

•0883 

■ss 

^ 

Diir. 

I 

* 

3 

4 

5 

s 

7 

^ 

9 

Mff. 

Ill 

ai 

~~^ 

64 

^ 

106 

,^ 

148 

.70 

'91 

MI 

43 

63 

84 

106 

148 

X 

aio 

63 

84 

KS 

s 

^ 

" 

jj 

P 

s 

103 

s 

is 

;s 

.87 

SI 

s 

61 

83 

114 

1S6 

»07 

»6 

Si 

144 

165 

18s 

Bt 

4 

aoj 

103 

123 

164 

185 

MS 

p. 

904 

S' 

1x1 

163 

1S4 

«H 

^ 

61 

162 

■83 

«>3 

18a 

«o 

181 

■u 

40 

60 

So 

140 

160 

i&> 

i 

:n 

» 

40 

6a 

79 

99 

"s 

1 

■S 

^ 

i 

i 

;is 

» 

i 

1 

S 

.9 

Sis 

155 

l^ 

3 

IM 

« 

^ 

t 

:s 

i 

176 
17S 

S 

193 

;i 

g 

J 

77 

77 

ti 

iifi 

135, 

m 
19) 

191 

19 

76 

96 

171 

191 

190 

J3 

57 

76 

« 

133 

iS 

!| 

g 

P 

7« 

94 

jp 

IS 

:s 

'i 

i 



iHff. 

t 

-1_ 

3 

4 

5 

fi 

7 

~r 

9 

Diir 

LOGARITHMS  OF  NUMBERS 


N. 

0 

. 

. 

3 

4 

5 

« 

7 

B 

9 

... 

.1! 

139 

37'o6S 

i 

IS! 
1 

1633 

1 

9ia4 

9306 

"75 

1 

a3fo 

1 

S034 
9849 

a7a8 

1 

1 

141 

380111 

^ 

"377 

^ 

mr 

a9?7 

TO 

1476 

M56 

li 

Jto 

141 
143 

144 

i 

g 

gl 

IS 

^. 

g 

s 

8*34 

S 

1^ 
178 

Hi 

i 

389166 

sss 

30*8 

■ss 

7071 

*oia8 
7^45 

7A19 

•058> 
'345 

759a 

•0759 
a5a' 

1 

aS" 

^: 

8.L, 

9847 

^ 

^8461 

« 

SSoS 

898. 

4^3 

.;s 

•S 

I7S 

«yi 

401401 

IS7S 

ao89 

2*33 

a605 

am 

&>7^ 
9764 

•i 

1 

i 

i 

3807 

11 

I^J 

1 

1 

*s 

li 

•0440 

33^3 

^ 
S 

4'37 

1! 

4305 

447a 

•U5' 

J67 

lOi 

afia 

a; 

1 

"?7 

aa6t 

^08 

IS 

2416 

1 

6141 

a754 

6308 

1 

6474 

I 

164 

». 

Diff. 

' 

3 

4 

5 

s 

7 

8 

9 

^ 

■\U 

^ 

~ 

S6 

~ 

~w 

119 

"131" 

,50 

"ieT 

:s 

19 

37 

56 

130 

149 

167 

•Ij 

'3 

3; 

56 

74 

ij" 

us 

s 

'^ 

'84 

18 

74 

JS 

547 

1B4 

■^ 

37 

M6 

165 

1B3 

1 

iBa 

36 

55 

73 

91 

146 

164 

iBa 

tBi 

iS 

Is 

7= 

9' 
90 

s 

;s 

145 

jg 

:£ 

£ 

;;i 

is 

36 

i 

7J 

% 

i 

JJS 

14a 

ifi 

13 

< 

3 

18 

35 

i 

143 

3 

3 

z 

■71 

IS 

"3 

158 

■75 

p 

35 

g 

S 

1 

j^ 

;s 

;g 

■74 

34 

Sa 

Si 

138 

i 

34 

p 

103 

137 

'54 

170 

tiS 

ss 

101 

119 

136 

■70 

\n 

17 

i 

so 

«g 

fi7 

n 

1m 

"s 

;g 

'5' 

1% 

'« 

1 

S4 

"J 

ISO 

■67 

SO 

S3 

It6 

-106 

— 

i§ 

:i 

s 

so 

66 

'd 

^ 

lis 

J3' 

'i 

;s 

m,. 

I 

^ 

3 

4 

s 

6 

■7 

8 

9 

Diff. 

GENERAL  TABLES  AND  FORMULA 


o 

^ 

a 

3 

4 

5 

fi 

7 

8 

9 

Dur. 

1; 

fe1 

i 

i 

P 

¥ 

g 

7811 

J973 

1 

8>97 

S4» 

& 

9.06 

.94^ 

.9MI 

i6a 

975> 

994 

•"TS 

^036 

■OSH 

•o7» 

•1041 

"ia03 

i^ 

43'36< 

•SIS 

.685 

1S4E 

m? 

a<6T 

JJ5S 

1488 

Jfi49 

a8») 

rti 

9969 

i 

»^7 

i 

1 

■am 

1 

•043? 

3 

SI44 

1 

3731 

S3 

41 

1 
i 

»5S 

56^ 

STto 

59"5 

J^f 

n 

ffi 

i 

ig 

^ 

"& 

ffi! 

7*68 

76»3 
9170 

TT78 

1^ 

96S3 

8397 
9941 

5 

155 

«3I 

0403 
1940 

OS57 
angs 

ss 

St 

1^ 

sou 

S8 

15] 

Mi8 

W7I 

36H 

3777 

1799 

i 

It 

J53 

0 
8033 

IS 

13 

^ 

1 

5606 
1649 

J 
^ 

JS' 

»54B 

'fig? 

J847 

>997 

3'46 

i 

II 

3744 

IJO 

Wl 

» 

S 

4490 

m 

iSS 

1 

<fl 

i 

1585 

■oa^ 

% 

760B 
.9°85 

3318 

5 

Sioo 

:l6l» 

*^5J^ 

g 

3  "95 

3341 

M87 

3^ 

4071 

146 

S671 

^^ 

&_ 

J5^ 

_^ 

^ 

^ 

% 

^ 

146 

DiB-. 

1 

. 

3 

4 

5 

6 

7 

I 

9 

^ 

«e4 

le 

33 

49 

66 

81 

98 

„5 

13, 

148 

>«4 

ig 

}s 

65 

81 

98 

a 

IBs 

33 

49 

S5 

"3 

!«■ 

ifa 

16 

31 

48 

64 

St 

97 

"3 

3 

>4S 

iCo 

48 

«4 

Bo 

96 

i«a 

>P 

s 

3» 

48 

64 

Bo 
79 

95 

lif 

:s 

14a 

3 

^ 

16 
16 

3; 

47 

ll 

,1 

94 

109 

ja6 

140 

!S 

16 

4<S 

?8 

93 

s 
a 

140 

«S5 

i 

11 

i 

61 

i 

9* 

s 

■1 

151 

>S 

30 

45 

76 

106 

I5> 

w 

IS 

30 

45 

60 

75 

105 

J3I 

19" 

21 

JS 

^ 

« 

60 

74 

i 

SI 

1:1 

■31 

^ 

^ 

■s 

*9 

44 
44 

1 

1 

s 

iiB 

H7 

I3> 

iS 

;5 

58 

s 

116 

MS 

58 

■30 

■44 

86 

"9 

M8 

BUT. 

^~ 

~r 

3 

'Jl 

5 

6 

7 

8 

9 

as 

LOGARITHMS  OF  NUMBERS 


N. 

0 

. 

> 

3 

* 

5 

6 

7 

8 

9 

Dfff, 

9ca 

4a™7 

3DI6 

S 

i 



7700 

•J 

a 

'S 

8133 

9575 

8J7S 

g 

4015 

"99 

>45 

304 

SiJ 

1719 
3  "59 

330» 

S 

3730 

i 

143 

13 

309 

i 

9»8 

1 

c 

i 

1 

8127 

-IS' 

i 

142 
142 

140 

310 

49,36« 

ISM 

16*1 

,782 

1^ 

306l 

234" 

m 

•^8? 

i 

S 

1 

1 

i 

2760 

P 

1 

996J 

ii 

s 

3109 

7759 

•11 

3:46 

1 

139 

i 

137 

3ig 

4=63 

4607 

"36 

SSI 

"i 

S 

S 

g 

5B28 

i 

i 

g 

1 

g 

6370 
9068 

•i 

■35 

E 

a!«9 

9»3 

1 

73^ 

1 

i 

9606 

1 

34.8 
1 

C3 

7987 

11 

B1.9 

•a 

875? 

•5" 

i 

j33 

132 

S 

"il 

8646 

S 

sw 

^1 

^6 

■SB 

•SS 

«s 

ffi 

s 

1223 

•s 

\l\ 

331 

SaujS 

5 

li 

179' 
3^ 

3 

130 

1 

1 

^ 

IS 

^.1 
8145 

8274 

X 

^ 

199 

ii 

iiS 

». 

DIE 

, 

3 

3 

4 

5 

0 

7 

8 

9 

Mff, 

>41 

~^ 

>s 

Ai 

57 

~^ 

iT 

99 

m 

12B 

'4" 

s 

■*! 

M 

38 

4J 

sfi 

T 

!5 

U 

U2 

;s 

140 

i 

.H 

;j 

38 

*■ 

S5 

I 

g 

97 

110 

"S 

3 

1 

14 

>7 

*J 

SS 

S 

g 

96 

i 

iS 

•s 

122 

m 

54 

67 

80 

107 

i 

S 

S 

4^ 

S3 

1 

8d 

93 

loe 
106 

1 

>3" 

^ 

t 

M 

5" 

65 

? 

9' 

!S 

g 

S 

>»7 

!f 

36 

1 

S» 

1 

77 

90 
_1 

!m 

"i 

M7 

Diff. 

T" 

a 

3 

4 

5 

6 

7 

.8 

9 

us. 

GENERAL  TABLES  AND  FORMULA 


o 

. 

. 

9 

4 

3 

« 

7 

8 

9 

Diff 

S3M79 

8071 

lS6a 

3136 

8197 

SS 

1117 

i 

3 

a- 

i 

»6^ 

la 

1 

•0079 

•oaoj 

5403J9 

0455 

1 

070s 

^5 

tdSo 

1339 

■454 

»^ 

'4U 

1JQ4 

1953 

a.78 

»' 

ss 

ijoi 

2950 

54406S 

7898 

43'S 

E 

468S 

S| 

? 

1 

■^ 

9001 

9t2fi 

58» 

•0106 

SSOaB 

1 

8911 

3033 

1938 
557a 

± 

.084 
3519 

3640 

I3»8 

ii 

3883 
S094 

4004 

4-* 

sS 

ffi 

ff,i 

!il 

SS«303 

1 

B 

9068 

S| 

930S 

B 

i 

® 

ii 

9907 

■oHs 

•^ 

•wS 

T;i 

•S«3 

115 

1 

£ 

37=8 

3837 

i% 

s 

s 

»5S 

4S4B 

"S 

sa 

g^J 

^ 

g 

i 

i 

•i 

iS 

118 

Toii 

rifa 

J379 

7S49 

8084 

57054J 

i 

0776 

s 

jiao 

i 

87S8 

•5 

^n 

1 

•g 

"! 

B 

II 

1941 
3104 

^° 

J4S» 

3 

X 

39=5 

116 

4>63 

i 

Wi6 

Ji 

lie 
■■s 

Diff, 

~ 

» 

3 

4 

5 

e 

7 

8 

g 

M 

'i 

1 

S" 

1 

i 

i 

lOI 

ii* 

at 

IS 

as 

13 

s 

63 

88 

III 

"J 

,M 

;^ 

§ 

J7 

so 

$1 
til 

74 

!i 

i 

™ 

ij 

^4 

1 

1 

g 

1 

85 

^ 

;i 

en 

uo 

"4 

is 

IB 

6a 

96 

:» 

36 

4II 

60 

^ 

95 

'3 

ii 

71 

1' 

J06 

::i 

la 

as 

ss 

8 

P 

81 

94 

93 

104 

\s 

Wff. 

T 

j] 

3 

4 

5 

fi 

f 

B 

JL 

DO. 

LOGARITHMS  OF  NUMBERS 


». 

. 

"^ 

' 

3 

4 

5 

6 

7 

S 

9      |l>iff.| 

1 

Sg 

9898 

•tooi» 

■0116 
H67 

Bi 

•0355 

^ 
^^^ 

•05S3 

•0697 
■836 
3971 

•oSil 

;;i 

^3 

^ 

S539 

S 

399> 

4105 

42  iS 

1 

"I 
9950 

4444 

ii 
•0173 

4670 

SI 

i 

S 

ii 
•0730 

1^ 

9838 
•0953 

1 

WO 

MiwiS 

i.;6 

»87 

1510 

16,1 

173* 

.843 

1955 

2C^ 

391 
39) 

?? 

aaSa 

35^ 

SS 

37^9 

s 

3950 

s 

3064 

Ui 

I!I 

393 
394 

i 

999J 

ii 

4SS 

4834 

1 

i 

1 

s? 

-2S 

1 

•a 

;^ 

600973 

loSi 

J.91 

1843 

400 

6o»6a 

2I6J 

2277 

2i^ 

3494 

.i 

aSi9 

392S 

3036 

4M 

336r 
444a 

J469 

5618 

•s 

1 

^59 

s 
s 

P 

io3 

s 

409 

9594 

•0234 

*^s* 

•0447 

•0551 

107 

6jo66a 

i 

ss 

09^ 

2148 

JJ'° 

it 

3S 

s 

106 
106 

i" 

'-.i 

J890 

3947 

J996 

11 

4159 

SS 

«70 

4475 

4581 

i 

3736 

1^ 

4" 

4&ff 

s 

at 

Wi 

1171 

g 

u 

105 

1 

.s 

s 

Si 

!g 

g 

1 

Vj^ 

Wi 

d 

105 

4>e 

fi 

!««5 

•0132 

Si 

fX 

s 

a 

IS9» 

1799 

0B64 

Sw 

104 

J3I8 

=555 

262S 

273a 

=835 

2939 

304> 

3146 

^ 

Mff. 

T" 

3 

3 

4 

5 

s 

7 

8 

s 

Diff. 

"IS 

~ 

~ 

~ 

46 

58 

^ 

8. 

92 

104 

"' 

46 

!7 

80 

tj 

1 

;; 

S 

s 

45 

67 

12 

P 

™ 

"2 

£ 

g 

78 

100 

77 

a 
^ 

n 

I 

3a 

43 

i 

1 

64 

75 

1 

98 

i 

10s 

3> 

S3 

63 

84 

lOJ 

><H 

*2 

62 

V' 

9t 

104 

10 

" 

3' 

63 

7= 

81 

t03 

Diff. 

' 

« 

3 

4 

5 

"e" 

7 

8 



9 

^ 

GENERAL  TABLES  AND  'FORMXJLJE 


LOGARITHMS  OF  NUMBERS 


893 


». 

' 

■ 

^ 

^ 

4 

± 

6 

7 

8 

_»_[«'-l 

1 

IS 

i 

e 

0617 

is 

1 

Sia6 

fi'99 
4| 

S>9S 

ii 

i 

*19 

"73 

^ 

MS' 

'SM 

1718 

iSii 

1913 

a«5 

93 

471 

67«^ 

35?3 

«fl3 

3597 

1467 

S 

3652 

SS 

2836 
375S 

g 

^ 

«a 

Si 

4034 

41  iS 

44M 

4586 

4677 

91 

473 
■•'4 

OS'7 

i« 

s 

s:i 

s 

S 

^2 

9» 

SI 

1 
1^ 

i 

S 

■sg 

0970 

B 
9446 
IS! 

1151 

i 

9' 

!S 

'^SMS 

sP* 

^^ 

^:i 

i 

S 

a 

■874 

as 

1 

V' 

4B1 

is 
is 

93=9 

3"J7 

^r 

s:j 

4307 

?3S 

3S 

,1 

S 

^ 

i 

^t 

i; 

^A 

iS 

ffl 

s 

rjS 

sa 

% 

1 

9ST5 

1 

70S 

99JO 

i 

1 

49' 
493 

•^3? 

K 

o«S 

;3 
1141 

3"3 

046J 

3 

0639 

3S 

=494 

0816 

i 

i 

X 

88 

494 

37a7 

SJ9I 

4430 

1 

499 

694605 

g 

f" 

46S8 

50*4 

1 

P 

IS 

P 

88 

8 

E 

ss 

s 

S 

si 

fi 

1 

s 

§ 

6014 
8883 

g 

?? 

is 

s 

« 

H 

•l?8« 

•^?i 

^ 

Is 

4S 

•ss 

1 

S 

1 

s 

S 

"f 

■  136 

■9?9 

^ 

g 

I4HJ 

504 

3689 

rns 

aMi 

1 

IS 

I^IJ 

si 

3 

3633 

4494 

1 

3893 
4751 

S 

w> 

g 

13 

a 

5094 

g 

6974 

7059 

g 

s 

g 

si 

1 

J.. 

Diff, 

■ 

« 

3    1    4 

5 

0 

7 

s 

9 

Diff. 

M 

'9 

IS 

3S 

47 

s*' 

66 

75 

Is 

94 

1 

9S 

19 

IS 

37 

47 

6S 

84 

93 

9> 

>§ 

3S 

1^ 

i 

55 

1 

73 

y 

91 

0. 

90 

36 

63 

71 

8i 

»» 

0 

s 

i 

18 

3& 

J6 
34 

45 

1 

1 

i 

8d 

1 

>s 

9 

17 

16 

.  *^ 

5' 

60 

77 

H 

wir. 

~^ 

~ 

3 

4 

5 

S 

7 

s 

0 

Diff. 

894 

GENERAL  TABLES  AND  FORMULA 

^ 

0 

t 

a 

3 

4 

5 

0 

7 

» 

9 

r 

%° 

a'H 

B 

e 

S 

^; 

BS 

SoSi 
8931 

9i« 

9°'S 

^S 

S 

3i» 

9370 

03M 

a; 

ri 

^ 

9694 

s 

9S63 

3333 

•Sg 

s 

P 

J7M 

1 

»6o 

1 

'385 

2129 

«3'3 

g 

1 

S 

<330 

3659 

S 

ii 

^ 

4916 

4163 

s3j 

s 

S167 

5=51 

5335 

5418 

S5CO 

S7U 

^ 

x 

g 

g 

6087 

1 

3 

6337 

64H 
8917 

S 

5 

1 

i 

•0077 

1 

119 

3 
3538 

0407 

1 

i 
i 

3; 

1 

3387 
3209 

1 

ii 

337* 

to 

530 

7M376 

4138 

4604 

4685 

4A 

8911 

■347 

S3. 

1 

i 

S09S 

5'76 
•^3 

i 
1 

i 

II 

1 

i 

i 
s 

1428 

1 

989J 

1508 

Si 
Si 

'5B9 

.669 

'750 

1^ 

I91I 

1991 

30JJ 

«Si 

"33 

^ 

54° 

SV 
if 

3197 
736397 

ii 

3 

4340 

43" 

2796 

3S98 

4*00 

i 

5^ 

S 

i 

Si 

i 

IS 

M9 

4960 
PS 

s 

JliO 

i 

w. 

g 

Jt*34 

80i 

9572 

S 

ISi 

1% 

iS 

ffi 

•0047 

^ 

SS 

» 

9651 

8939 
9731 

9016 

« 

s 

4Hi 

•^ 

4g 

J» 

SSO 

7*^3 
US' 

lajo 

05J1 
3667 

0600 

1JS8 

3 

W6 

sa 

tro 

ss 

^ 

w 

5P 

1939 

'I7S 

1489 

*SS3 

a647 

SS3 
S54 

gl 

Ss 

£ 

S 

jtJI 

i 

^ 

JS 

Wff. 

. 

V 

3 

4 

5 

s 

7 

z 

~ 

wt 

s 

se 

9 

; 

T 

34 

« 

I 

60 

60 

u 

77 

H 
IS 

I 

^ 

1 

I 

i 

1 

4= 

§ 

s 

i 

Si 

74 

S 

0 

89 

1 

!i 

^ 

11 

40 

? 

1 

1 

72 

£ 

79 

^ 

16 

.     34 

SI 

40 

47 

ss 

63 

7> 

71 

_ 

Diir.  1   » 

"    1    3    1    4 

S    1     6 

7 

8 

9 

ME 

LOGARITHMS  OF  NUMBERS 


895 


N. 

0 

X 

2 

3 

4 

5 

6 

7 

8 

9 

Diir. 

555 

744293 

4371 

4449 

4528 

4606 

4684 

4762 

4840 

4919 

4997 

556 

5075 

5153 

5231 
601 1 

5309 

5387 

5465 
0245 

5543 

5621 

i| 

5777 
6556 

^2 

^ 

5855 

5933 

6089 

6167 

6323 

6401 

7? 

6634 

6712 

6790 

6860 

6945 

7023 

7Pi 

7179 

8033 

7334 

7? 

559 

7412 

7489 

7567 

7645 

7722 

7800 

7878 

7955 

8110 

78 

560 

748188 

8266 

8343 

8421 

8498 

8576 

8653 

8731 

8808 

8885 

77 

561 

8963 

9040 

91 18 

9195 

9272 

9350 

9427 

9504 

9582 

^9659 

77 

56a 

9730 

9814 

9891 

9960 

*oo45 

♦0123 

*020O 

*0277 

*03S4 

*043i 

77 

563 

750508 

0586 

0663 

0740 

0817 

0894 

0971 

1048 

1125 

1202 

77 

564 

1270 

1356 

1433 

1510 

1587 

1664 

1741 

1818 

1895 

1972 

77 

1 

752048 

2125 

2202 

2279 

2356 

2433 

2509 

2586 

2663 

2740 

77 

2816 

2893 

2970 

3047 

3"3 

3200 

3277 

3353 

3430 

3506 

77 

3583 

3660 

3736 

3813 
4578 

3889 

3966 

4042 

4119 

4195 

4272 

77 

560 

•  4348 

4425 

4501 

4654 

4730 

4807 

4883 

4960 

5036 

76 

569 

$112 

5189 

5265 

5341 

5417 

5494 

5570 

5646 

5722 

5799 

76 

570 

^^I? 

5951 

6027 

6103 

6180 

6256 

6332 

6408 

648^ 

6560 

76 

571 

6712 

6788 

6864 

6940 

7016 

7092 

7168 

7244 
"8003 

7320 

76 

57a 

7396 
8155 

7472 
8230 

1^ 
8306 

7624 

7700 

7775 
8533 

^ 

7927 

76 

573 

8382 

8458 

8685 

8761 

8836 

76 

574 

8912 

8988 

9063 

9139 

9214 

9290 

9366 

9441 

^9517 

^9592 

76 

575 
570 

759668 

9743 

9819 

9894 

9970 

*oo45 

*0I2I 

*oi96 

*0272 

*0347 

75 

760422 

0498 

0573 

0649 

0724 

0799 

0875 

0950 

1025 

IIOI 

75 

577 

1 176 

1251 

1326 

1402 

1477 

1552 

1627 
2378 

1702 

1778 

1853 

75 

578 

1928 

2003 

2078 

2153 

2228 

2303 

2453 

2529 

2604 

75 

579 

2679 

2754 

2829 

2904 

2978 

3053 

3128 

3203 

3278 

3353 

75 

5?° 

763428 

3503 

3578 

3653 

3727 

3802 

3877 

3952 

4027 

4101 

75 

sf' 

4176 

4251 

4326 

4400 

4475 

4550 

4624 

4699 

4774 

4848 

75 

5? 

4923 

4998 

5072 

5147 

5221 

5296 

5370 

5445 

5520 

5594 

75 

523 

6487 

5818 
6562 

^6 

5966 

0041 

61I5 

6190 

6264 

6338 

74 

^ 

,6413 

6710 

6785 

^59 

6933 

7007 

7082 

74 

767156 

7230 

7304 

7379 

7453 

7527 
8268 

7601 
8342 

7749 
8490 

r^ 

74 

586 

^ 

7972 

8046 

8120 

8194 

8410 

74 

55 

8712 

8786 

8860 

8934 

9008 

9082 

9156 

9230 

9303 

74 

5? 

9377 

9451 

9525 

9599 
^336 

9673 

9746 

9820 

9894 

9968 

♦0042 

74 

589 

770115 

0189 

0263 

0410 

0484 

0557 

0631 

0705 

0778 

74 

590 

770852 

0926 

0999 

^°73 

"^^ 

1220 

1293 

1367 

1440 

1514 

74 

59Z 

1587 

z66i 

1734 

1808 

1881 

1955 

2028 

2102 

2175 

2248 

73 

593 

2322 

2395 
3128 

2468 

2542 

2615 

2688 

2762 

2855 

2981 

73 

593 

r^ 

3201 

3274 
4006 

3348 

3421 

3494 

3567 

3640 

3713 

73 

594 

3860 

3933 

4079 

J^ 

4225 

4298 

4371 

4444 

73 

595 

774517 
5246 

5974 

4590 

4663 

4736 

s 

4955 

5028 

5100 

5173 

73 

59Z 

5319 
6047 

5392 
6120 

5465 
S193 

5610 
6338 

641 1 

648^ 

^ 

ir4 

73 
73 

598 

6701 

6774 

6846 

6919 

6992 

7064 

7137 

7209 

7282 

7354 
8079 

73 

599 

7427 

7499 

7572 

7644 

7717 

7789 

7862 

7934 

8006 

72 

N. 

Diff. 

I 

2    3 

1 

4 

5 

6 

7 

8 

9 

Diff. 
78 

09 

H 

78 

8 

16 

23 

31 

39 

^1 

55 

62 

•70 

OS 

77 

8 

15 

23 

31 

1 

46 

54 

62 

69 

77 

< 

76 

8 

15 

23 

30 

46 

53 

6i 

68 

76 

Oi 

75 

8 

15 

23 

30 

38 

45 

53 

60 

68 

75 

i 

74 

7 

15 

22 

30 

37 

44 

52 

59 

67 

74 

73 

7 

15 

22 

29 

37 

44 

51 

58 

66 

73 

7a 

7 

14 

22 

29 

36 
5 

43 

50 

58 

65 

7a 
Diff. 

Diff. 

I 

2 

3 

4 

6 

7 

8 

9 

GENERAL  TABLES  AND  FORMULA 


w. 

. 

t 

a 

3 

4 

s 

6 

7 

B 

9 

Kff, 

a 

P 

8^ 

8368 
1 

oto| 

SS 

1 

0^1 

8730 

1 

S8a> 

^ 

Ssg 

s 

i 
48J1 

3043 

»7» 
49" 

i 

4974 

is 

S04S 

i 

u 

2401 
3117 

5^ 

^ 

s; 

"fi 

ffi 

h 

g« 

SI 

e 

S 

e 

H 

se 

j; 

6ll 

Si68 

1 

B 

^ 

E^ 

g 

gi 

714a 

^ 

71 

Si 

9^7 
9791 

ss; 

9913 

•SS 

4S 

•0144 

•mis 

7^ 

Si 

1 

s 

0456 
1901 

3 

<*37 
1340 
2041 

?i 

08(8 

^ 

?> 

s; 

79»39> 

s 

>SSJ 

1672 

344" 

jB» 

JSBI 
1581 

1 

IT" 

7" 
70 

a 

» 

s 

is 

46OT 

47^7 

Igl 

«S 

441B 

5"5 

70 

fa. 

678a 

ii 

S851 
S9J7 

? 

1 

7060 
9'i4 

i 

1 

9372 

I 

S 

SS, 

"^ 

S 

s 

96.6 

OJ7J 

9754 

9823 

5 

s 

n 

1 

07,7 

0854 
106 

129 

M 

1432 

1 

g 

ITDS 

i 

1 

8««J74 

j84J 

19.0 

z 

3047 

3»6 

3-84 

33S9 

68 

4  "39 

^ 

s 

?l 

4IS 

s 

Si 

4753 

« 

4811 

^ 

g 

50JS 

S>93 

584^ 

P 

s 

82 

IS 

«8 

f«0 

8o£i9a 

sjI 

6316 

6384 

6451 

fisi9 

65S7 

665s 

6713 

i 

aijS 

«4I 

1 

esg6 

OJOO 

i 

gs 

976a 

a 

I77« 

1 

Si 

1 

1910 

£ 

1 

87s. 

68 

1 

<49 

»>4S 

ajiJ 

'379 

2445 

1511 

=579 

1646 

27.S 

1780 

3S47 

67 

^ 

Mff. 

"^ 

T 

3 

4 

II 

6 

7 

8 

9 

as. 

IB 

73 

__ 

■S 

II 

^9 

37 

„ 

S' 

S8 

66 

n\ 

f- 

7 

1 

36 

43 

s° 

58 

«5 

ji 

7 

36 

so 

S7 

^ 

7t 

i 

7= 

18 

49 

56 

63 

?o 

a 

? 

'i 

% 

^ 

M 

j; 

.1 

ss 

g 

3 

Dlff. 

I          » 

3    1    4 

5 

6 

7 

8 

B 

Wff. 

LOGARITHMS  OF  NUMBERS 


897 


N. 

c 

> 

3 

3 

4 

5 

e 

7 

8 

9 

Diff, 

^ 

8,19.3 

s 

3^ 

3"4 

3181 

3247 

331* 

3381 

3448 

M14 

67 

3581 

37B1 

3848 

39'4 

B 

4048 

67 

.P48 

■1?^* 

438. 

4S8i 

47' 4 

478^ 

4S47 

1 

1 

e,S 

a 

5046 

SI 

B 

5246 

IF 

g 

P 

i 

1 

g 

la 

2| 

E 

il 

8754 

E 

£6 

sS. 

9017 

Sii 

9='5 

938. 

9346 

9*7^ 

6&> 

96t>. 

9676 

9S07 

9873 

•DOQ4 

•0070 

•oijfi 

661 

*"^ 

1B67 
0914 

1055 

0464 

^m 

?^ 

1317 

0737 
138" 

mS 

66 

1 
1 

"1| 

3539 
4191 

g 

5S; 

1 

.S4T 

i 

1906 
3560 

s 

3^ 

S|J 

65 

ss 

4B41 
549' 

4906 
5556 

iSI 

1^ 

575" 

5166 

5945 

E 

6S 

670 

8afe75 

6t4o 

6204 

ft*. 

^ 

*39? 

6464 

6593 

•7- 

6713 

5787 

6851 

«9'7 

T^S 

g^ 

U 

U 

^ts 

if 

i^ 

lis 

K 

ss 

§ 

«74 

86te 

SJH 

8789 

8918 

90+6 

IS 

1 

8J9304 

9368 

943» 

956- 

0909 

965o 

975* 

^d 

6* 

«4^ 

"ooil 
0653 
JJ94 

•0075 

If 

1 

•0333 
1 

•0396 
'9 

•0460 

■i 

64 

Jl^ 

.iW 

Kl«3 

a3>7 

^J 

«445 

^ 

833509 

"573 

*i, 

J700 

17S4 

3838 

3S93 

1956 

3020 

^1 

S* 

Eb 

|S 

W.l 

3J38 

W" 

34« 

J^ 

s 

3657 

^ 

esj 

4484 

i 

tl?. 

4675 

4739 

4803 

4^ 

6894 

4 

1 

'€; 

5"o 

IS! 

E 

53'» 

in 

g 

s 

1? 
8733 

6* 

«9 

IS 

S 

i 

E 

s 

ii 

63 

1 

89" 

i 
g 

g 

2796 
4043 

9101 

i 

4'« 

9791 

1 

t 

0671 
19JI 

J 

6^ 

•99 

4477 

4664 

47»5 

4788 

4850 

49" 

N. 

ma. 

^ 

V 

j_ 

4 

s 

s 

7 

a 

9 

Diff. 

T 

% 

7 

J3 

X 

37 

34 

40 

47 

54 

60 

»7 

i. 

36 

46 

H 

s 

!; 

;* 

% 

36 

" 

1 

46 

SJ 

g 

64 

S! 

s 

I2 

'9 

11 

31 

43 

W 

_J- 

^ 

Diff.         I 

II 

3 

4 

~ 

s 

7 

^8~ 

g 

iHff. 

GENERAL  TABLES  AND  FORMULA 


N. 

0 

1 

a 

3 

4 

S 

6 

7 

B 

9 

Mff, 

yoB 

BiS^ 

516a 
5780 

1 

5^ 

i^ 

SS 

^ 

g; 

g!*, 

Ifg 

fa 

4 

«S99 
7^-7 

9481 

8585 

g 

73'6 

1 

6831 

SSI 

8681 
991 1 

6S94 

IS 

997* 

6a 

■li 

0707 

s 

^^ 

Seji 

0951 

ss 

0585 

"97 

61 

710 

B5»58 

.38. 

156* 

l&S 

1686 

>3^ 

1S09 

61 

s 

199s 

11 75 

aijS 

71a 

1601 

278s 

1846 

"907 

>3 

'4 

gs 

11 

^» 

gs 

w 

Sg 

3516 

1 

3637 

6l 

715 

854306 

44^8 

4488 

54? 

4670 

^ 

it 

IB 

4913 

i 

5034 

a; 

J 

i 

g 

% 

g 

6^ 

7.9 

fi^S 

(IS 

4<'' 

&1 

7»o 

85733' 

'3M 

© 

im 

IS 

S 

i 

s 

K5 

e; 

60 

9198 

B657 

87.8 

8778 

88ja 

(^ 

9018 

»,ja 

6a 

7"3 

S 

M.8 
^■8 

9 

0637 

0697 

^1 

08.7 

0877 

60 

lis 

0996 

»56 

njfi 

1136 

60 

;:s 

i 

i 

1654 
as5i 

5310 

■  833 

3 

3549 

S^ 

1 

60 
60 

739 

"S47 

2906 

^ 

30SS 

3^3 

60 

8633=3 

338» 

344a 

35" 

356f 

JS» 

3739 

3799 

3858 

59 

73» 

39|7 

3977 

*lfi 

« 

37^ 

:^ 

K 

J^ 

SI 

445" 

i 

«s 

5163 

S!Sa 

i 

5400 

g 

^1^ 
6701 

Ei 

6819 

1 

i? 

11 

Wt 

7055 

B 

iS 

S 

g 

g 

g 

59 

739 

8644 

8703 

8j6a 

8S79 

8938 

8997 

9csfi 

869533 

9403 

94« 

H 

964a 

9760 

9318 

1631 

"0053 

»oiii 

•0H8 

•i«87 

•0345 

1 

870404 
0989 

S7s?S 

1590 
»73 

i 

»33' 

0635 

iS 

3 
3 

ii 

1 

087J 
1456 

1 

1797 

J85S 

J97J 

3088 

3-46 

3»5a 

SB 

$ 

™5 

396^ 

^l 

s 

36" 

3669 
4550 

^ 

1 

38(4 
44a4 

t 

49 

448= 

4S40 

4598 

4656 

4714 

477a 

483* 

38 

N. 

Diff. 

. 

> 

3 

4 

5 

« 

7 

8 

9 

Mr. 

H 

6a 

f, 

'% 

,5 

~ 

37 

«" 

SO 

56 

CI 

0. 

£ 

6 

\l 

18 

34 

si 

s 

41 

Jl 

54 

ti 

_l 

H 

1 

" 

16 

^ 

^ 

s 

a' 

S 

5a 

I 

Diff. 

"^ 

~ 

3 

4 

5 

--r|- 

g 

"■•] 

LOGARITHMS  OF  NUMBERS 


m. 

o 

I 

J 

3 

4 

3 

6 

7 

^ 

9 

Diir, 

1 

T, 

ii 

|3 

i 

1^ 

1? 

E 

's. 

n 

6737 

"i 

67M 

6SB 

^l 

tSj 

7|56 

9039 

5? 

i 

■ii 

IS 
8579 

S637 

1 

8752 

8809 

i 

8914 

s 

58 

7p 

?s 

ii 

is 

s 

^f^l 

•^ 

4S7J 

^ 

IS 

1 

S8<a43 

05>8 

0585 

0641 

0699 

Tflo 

0871 

09»8 

i 

1156 

3937 

S7 

7B. 

>3S5 

1*11 

i 

16.3 

J670 

1717 

1784 

■841 

1} 

57 

?g 

3581 

38  ja 

ai83 

JS09 

'^ 

IPS 

tjsi 

s 

■jj 

37^ 

3775 

1 

394S 

3«* 

4059 

3548 
4115 

^2 

57 

4J85 

4569 

4S'5 

4682 

1 

i 

<85S 
5983 

s 

4965 

if 

i; 

g 

i 

5"4a 

s 

57 
56 

BSfi*?! 

6»7 

6604 

6660 

67.6 

S 

68*, 

6B8J 

6943 

699B 

5* 

773 

g 

s 

71*7 

gl 

7280 

a: 

ri 

8573 

8629 

8665 

1 

890411 

3 

9918 

8853 
W74 

4^9 

0645 

s 

3 

•oi97 

-1 

-1 

9^S 

•03S5 
0924 

1 

0^ 

1 

1314 

1426 

1482 

S* 

779 

1537 

■S93 

1S49 

1705 

!?fc 

1S72 

'983 

36 

78d 

S9»9S 

1»6 

3^ 

^73 

3484 

15*0 

9595 

Si 

7«' 

J6|? 

*!6l 

as  18 

3985 

3096 

56 

'£ 

g^ 

g; 

f* 

^^ 

i 

MS, 

3540 
4094 

3»5 

3651 

4»S 

^if 

56 

1 

^5^ 

1 

498^ 

44B» 
5OJ6 

s 

4648 

5W 

i 

6967 

4814 
5367 

55 

5433 

S 

6691 

6747 

s 

g 

g 

g 

55 
55 

7* 

7^7 

71J3 

7241 

7>97 

735" 

7407 

7461 

75'7 

790 
TV 

"^tI 

s 

S 

ig 

ffi 

S 

e 

Soil 
8561 

US 

8^ 

1 

7V 

87as 

S 

8944 

89» 

9054 

IS 

9164 

793 

9573 

gl 

i 

9491 

9547 

9601 

97" 

55 

7M 

98.1 

■ff 

•^ 

•0M9 

*™j 

•0258 

*^59 

S3 

1 

900367 

^76 

069J 

0804 

1 

0968 

J567 

J^7 

ll?! 

■731 

3; 

s 

S 

55 

54 

aa?; 

Jg 

1384 

799 

aS47 

3601 

^55 

1710 

3764 

3818 

3^ 

"36 

54 

1^ 

D,.. 

~r 

* 

3 

4 

S 

e 

7 

8 

9 

Dlff. 

I 

1 

6 

T 

T 

"3 

^ 

34 

40 

46 

50 

i 

17 

1 

50 

£ 

S4 

5 

" 

16 

» 

"7 

32 

43 

** 

DU. 

T' 

^~ 

3 

4 

5 

6 

7 

8 

9 

Dlff. 

GENERAL  TABLES  AND  FORMULA 


». 

« 

I 

. 

J 

4 

5 

6 

' 

. 

9 

«, 

1 

1^ 

1^ 

3199 

3>SJ 

g 

s" 

3416 
3958 

S" 

S 

M78 

"^ 

Ids 
fc3 

i;i3 

4a*9 

4770 

is 

» 

493' 

» 

1 

sS 

5^ 

54 

1 

M64 

II 

mi 

6604 

67U 

s 

6S» 

H 

g 

S 

S 

703s 

a? 

7.96 
11^ 

S 

S 

aio 

9084B5 

8S39 

85^ 

5 

9716 

WW 

|i 

8S07 

gSfio 

S914 

8967 

M 

910091 

.690 

i 

^0 

si! 

9«3 

i 

i 

Sr 

i 

1 

■^7 

S3 

Si 

S 

2913 

M96 

i 

3549 

354" 

1 

3^M 

IS 
ii 

S3 
53 

Bii 

913814 

i 

39" 

45M 

40J6 

P 

Ik 
S 

a 

? 

4184 

47'3 

s 

!IS 

51 

El 

S 

P 

813s 

ii 

g 

67.7 

a 

Ii 

67TO 

i 

7400 

6W 

1 
1 

«»9 

8555 

86^ 

86S9 

S71I 

87*4 

8^ 

8973 

9«6 

1 

919078 
960. 

9»"3 

9130 

0697 

1 

i 

K 

a 

s 

0958 

i 

9*96 
•00.9 

^' 

S 

111^ 

i 

I4J6 

147S 

1581 

1614 

SI 

1 

i 

IW 

39'7 

1985 
3503 
4011 

s 

»S0 

S 

3to7 

1^ 

ii 

4^* 

5> 

K 

IS 

11 

s 

4434 

951 

4486 

11 

4538 
5054 

5S 

464' 

4693 

3! 

$* 

ts 

i 

i 

E 

S 

ii 

Ii 

e 

5» 

1 

^. 

7m 

s 

S 

a 

6flos 

S» 

1 

8959 

9010 

6037 

911J     9'^ 

8703 

92IS 

E 
3 

9J'7 

S' 

». 

Diff. 

■ 

■ 

3 

4 

5 

s 

7 

• 

~r 

DW. 

s 

55 

g 

,, 

17 

H 

33 

39 

44 

so 

B 

A 

H 

ih 

"7 

3| 

38 

43 

1 

54 

£ 

S» 

5 

1; 

\l 

« 

IJ 

P 

S 

Diff. 

"^ 

^^ 

3 

4 

s 

e 

z 

a" 

~ 

^ 

LOGARITHMS  OF  NUMBERS 


N. 

• 

■ 

. 

3 

4 

s 

6 

7 

8 

0 

aia. 

g 

939419 

SOOMO 

» 

*S3J 
054J 

s; 
n^j 

96J3 

IS 

"5M 

074S 

1 

1 

1 

51 

S 

0949 
9319S 

34B7 

™ 

s 

!Si 

lu* 

S 

E 

■d 

■915 

Ii 

i 

3S 

3589 

3^ 

1 

3740 

i 

379' 

S 

1,33 

1 

3993 

4<H4 

4°94 

4145 

4246 

4I9« 

4397 

aso 

93449a 

4650 

4801 

*^S 

50 

1 

i 

g 

1 

ii 

S»5 

SJSS 

1^ 

5406 

i 

50 

s 

1 

6614 

i 

1 

6715 

ii! 

6765 

7>57 

i 

7418 

so 

85^5 

8570 

8670 

87J0 

8776 

iS» 

8970 

M9 

9»70 

gijo 

9419 

9469 

50 

R 

» 

SI 

i;;i 

S 

ii 

9769 
0367 

981 
031 

g 

99'8 

996a 
0467 

50 

■71 

ojiS 

0566 

0616 

0666 

0716 

0765 

tSi 

0915 

09G4 

^ 

1163 

1363 

131 

.jd 

1463 

so 

•74 

1561 

1760 

ii« 

IS59 

1958 

SO 

is 

3504 

»58 

JU1 

3643 

a»7 

3356 

r 

1 

2405 

1455 
»9S0 

SO 

■79 

s 

B 

i 

S 
^ 

i 

S 

431s 

§ 

3939 

1 

45J» 

458- 

4S31 

<68o 

483B 

4S77 

49>7 

49 

Ml 

1 

1! 

Bsii 

i 

g 

6649 
JHO 

S609 

5331 

8657 

,1 

a 

d 
B755 

F 

S4'9 

49 
49 

«B 

B90> 

8991 

8W 

^ 

9.46 

9-95 

9=44 

9.91 

ago 

94^194 

B 

W88 

9536 

95S5 

9S34 

9S8J 

9780 

Ii 

■91 

ciSjS 

9975 

►OOM 

■007J 

•01.9 

•0367 

49 

S? 

95^:^65 

□4^ 

D560 

ofea 

»" 

o7°6 

fS 

49 

1 

w. 

0949 
1930 

Hi 

1046 

1 

am 

'S 

3»II 

I3§9 

49 

S 

X 

X 

b 

^ 

3034 

^7 
3131 

s 

ts^ 

i 

n 

S 

1431 

3470 

35'8 

Jl 

s 

37" 

A 

». 

Mff. 

. 

^ 

3 

4 

5 

6 

7 

» 

9 

Diff. 

E 

5» 

J 

10 

,5 

M 

36 

3^^ 

36 

4t 

46 

5' 

sa 

S5 

30 

35 

40 

SO 

1 

3 

I 

IS 

IS 

" 

3J 

«9 

U 

p 

44 

S 

Diff. 

Z! 

J_ 

3 

jl 

S 

~ 

7 

3 

9 

Diff. 

go2 


GENERAL  TABLES  AND  FORMULA 


8 


BUL 


34°5 

3451 

3866 

3913 

43^ 

4374 

4788 

4834 

5248 

5294 

5707 
gi67 

6212 

662s 

6671 

7«83 

7129 

7541 

7586 

5"o 
5592 
6072 

6553 
7P32 
7512 
7990 
8468 
8946 

9*23 

•'0376 
0^1 
I^ 
1801 
2275 

2748 
3221 

3^3 

4165 
4^ 
5108 

7454 
7922 

8390 
8856 
9323 
^9789 
*0254 
0719 
1183 
1647 
21 10 

2573 
2P3S 

3497 
3959 
4420 
4880 
5340 
799 


4677 
5158 
564D 
0120 
6601 
7060 

7! 


E 


6717 

7175 
7632 


8516 
8994 

9471 
^9947 
♦0423 

0899 

1374 
1848 
2322 


3741 


t 

48 
4« 
48 
48 
48 
48 
48 
48 

^ 
4B 

48 

48 

48 

47 

47 

47 

47 

47 

47 
47 
47 
47 
47 
47 

47 
47 
47 
47 

47 
47 
47 

46 

4fi 
46 

46 
46 
46 
46 

46 
46 
46 


N. 


Diff. 


8 


Diff. 


09 
H 

04 


$ 
$ 


5 
5 
5 
5 


10 
10 

9 
9 


15 
14 
14 
14 


20 

19 
19 
18 


25 
24 
24 
23 


29 


28 


34 
34 
33 
32 


38 
37 


44 
43 
42 
41 


Diff. 


8 


Difi 


LOGARITHMS  OF  NUMBERS 


N 

> 

I 

, 

3 

4 

s 

e 

7 

s 

9 

Diff. 

U 

•B 

^ 

ir/i 

e 

Sg 

t 

"^ 

'1^ 

a 

S 

7 

95 

8637 

^3^ 
95M 

S7J8 

8774 

8S19 

iiu 

85S6 

46 

Wi 

.^ 

le 

S 

si 

0640 

?^l 

PS 

F. 

W57 

If 

8 

^ 

•^^ 

□049 

0094 

^^ 

(H76 
0730 

^ 

1; 

0867 

45 

)5T 

1 

!^ 

"39 

1184 

1S39 

1 

K^ 

1 

S 

1547 

1637 

1683 

iS 

« 

s 
s 

i 

i 

i 

2451 

g 

^543 

'^ 

i 

J678 
IS 

4" 

45 

1 

! 

«i:; 

4571 

'i' 

lUi 

4=^7 
4707 

4347 

s 

Sj 

1 

i 

6458 

65^ 

1 

6593 

6637 

45 
45 

9S677J 

*!i' 

6906 

6951 

6996 

'°3S 

7f*5 

7>30 

717s 

g 

ji 

s 

1 

s 

74S8 

ii 

E3 

8470 

8514 

1 

8559 

S6(4 

86^8 

is 

8781 

S7I 

S916 

896a 

989"5 

9=49 
9494 

9>H 

a 
0871 

3S 

0^5 

93-6 

^^ 
0650 
1093 

0*94 
1137 

45 

"i 

irjo 
1713 

gs 

E 

Si 

i 

1^^ 

.536 

1580 
a023 

h 

« 

3 

S 

™ 

s 

1 

i 

1465 

S3 

i 

44 

^^7 

3g4 

3613 

3657 

3745 

37S9 

50J1 

4185 

4229 

4317 
4757 

£ 

ffil 

i 

«93 

4537 
4977 

46=5 
50S5 

& 

s's' 

44 

5=96 

S»4o 

51S4 

Mi6 

5460 

5501 

5547 

559" 

44 

"B 

^ 

SS 

e. 

gj. 

Ig 

^ 

7=55 

^ 

g55 

6599 

3 

6687 

71 J4 

6711 

6774 

is 

7343 

44 

^ 

8739 

7474 

'4 

75'7 

^99^ 

7^ 
S041 

8564 

ii 

9M3 

El 
g 

44 

d 

^ 

p^ 

i 

9739 

^ 

JS 

Ji 

9913 

9957 

43 

Diff. 

I 

> 

3 

4 

5 

6 

7 

8 

9 

^ 

^ 

S 

9 

.     M 

18 

=3 

=8 

3> 

g 

41 

46 

45          5 

IS        J3 

^ 

45 

44         4 

31 

35 

43          4 

9 

■3 

.7        = 

"S 

so 

34 

39 

43 

Diff.         I 

3 

4       5 

6 

' 

8    1     9 

DiE 

GENERAL  TABLES  AND  FORMULAE 


It. 

° 

I     I     i 

3 

4 

^ 

_JL 

7 

s 

9 

DM. 

s 

"s 

091 1 

0087 

1 
1 

g 

s 

fi 

»6d 

^ 

a 

s 

s 

tCB3 

3 

3598 

s 

s 

17'7 

ii 

i 

1561 

i 

19« 

1 

1943 

i 

4J 

'^ 

346? 

m2 

i 

s 

g£ 

PJS 

^ 

41 

Ksg 

389' 

3M4 

3977 

4IC6 

4149 

41SB 

■TO5 

■w* 

IMS 

"i 

655J 

6S94 

1 

S 

i 

67?3 

4Sb 

4665 
5"9S 

47^ 

41 
43 

j«6 

7790 

Tma 

7065 

7107 

7150 

7193 

s 

W8 

41 

^l 

vi 

^ 

P 

s 

1^ 

U 

ini 

43 

loig 

fi«7 

£3" 

8430 

Si7> 

85'5 

8538 

10)3 

I 

PS 

86S5 

B7>a 

Ii 

g 

1 

3! 

S89S 

i 

g 

41 
4" 

4< 

IMJ 

v^ 

gs 

s 

as 

s 

EI36 

0978 

1 

4> 
4" 

log 

11% 

s 

s 

■i 

ii 
=584 

:is 

X4 

ii 

4> 
41 

1415 

Si 

ac7a 
asoo 

a5<i 

ss 

SS 

Jig, 

J7II 

1753 

»79S 

4> 

■090 

011837 

SST9 

190 

"964 

30=6 

g 

3090 

^16 

g 

;s 

PS 

s; 

^ 

n 

3931 

S 

4" 

4" 

itBJ 

<100 

3; 

4.84 
4«05 

S 

13 

4310 

4333 

S5 

» 

s 

4> 

p 

ii 

498J 

5176 

4» 

S 

i 

54S5 

3?^ 

g 

S 

6490 

«^Oi 

«574 

4> 
4> 

41 

«S7 

«9> 

6741 

6783 

6908 

6950 

£991 

41 

I..7 

s 

™o 

2** 

7*4 

7316 

7367 

g 

K41 

g 

S 

j| 

22 

251 

8,91 

8S34 

8617 

4« 
11 

4) 

lOM 

b™ 

sj*. 

B7B4 

8908 

1! 

i 

8»1 

9»7S 

4> 

i 

u>t9 

9533 

0775 

9158 

s 

as 

1 

0900 

Si 

0941 

098> 

Ii 

1 

4) 

ii 

4» 

lOSO 

011189 

ISJI 

1277 

■313 

»355 

.396 

1437 

1479 

1S» 

1561 

41 

N. 

DIff. 

I 

, 

3 

4 

5 

6 

7 

s 

9 

Mf 

d 

^ 

^ 

J 

'3 

18 

ai 

16 

31 

ss 

40 

4t 

43 

4 

! 

"J 

36 

30 

34 

1 

« 

4> 

1 

13 

"7 

« 

"9 

9 

0. 

'' 

_1 

_!! 

31 

33 

* 

Diff. 

J_ 

» 

3 

^ 

5 

~6~ 

^^ 

g 

DW 

LOGARITHMIC  SIN 

.   COS 

,  TAN. 

AND 

COT.*       !„• 

Tablb 

7.'! 

1- 

».-. 

Co* 

D.  I". 

Tmn. 

D.  1". 

Cot. 

— o> 

_„ 

—a. 

6a 

6463?^ 
^764756 

Si 

57968 

SI 

''= 

i 

.V6^756 

H 

■soasw 

-ifi68i7 
■.1707" 

II 

3.S36"74 
■1353*4 
_*S9I53 

11 

SI 

i 

»'.3S 

9.999WS 
■W9g 

.00 

7-463717 

6S9.SS 

Si 

4'3.73 

'» 

SO 
49 

»9999Sg 
.WWW 

ju 

■S4:i909 
■577fi7» 
.6c^7 
7.S,i9Hjo 

^6«i79 
■719003 

:35J^8 
■=80997 

8 

45 

4> 

■74^^84 

.257516 

7-J«*7M 

:S8 

i 

31&05 

9-999993 
■99W93 

.03 

7.764^1 

ill 

ii 

308.07 

li 

563-35 

!i-aj5aS9 
■'93845 

40 

li 

.8J545' 

.910879 

-999W 

.01 

■■;S 
'.089106 

i 

31 

.9361.9 

.999985 

.93613* 

.o73(«« 

31 

7.««a*» 

SI 

9>999983 

7.94085S 

Si; 

30 

tgS 

.99998' 
.999981 

ioa 

:^ 

s 

i 

siooT^ 

»6.o8 
»09.ei 

■83.15 

.9999S0 
9-999977 

S 

.98ais3 
8!oo78o9 

S3 

aS 

io3i9'9 

■999976 
.999975 

;« 

F:" 

'S 

1 

.05*781 

.999973 

:1 

■05*809 

.956)73 
.9*5'9' 

"i^ 

.78.73 

:^ 

■« 

"21 

178.75 
11 

'■F3 

10 

io97lS3 

■:ISS 

i6a.S 

is 

:^ 

:l 

ili 

-901783 

ii 

:i2; 

■99996' 

■999956 

1 

.14*996 

islsl 

i5=-45 

|3 

JtijBo 

ill 

-99995" 

!o3 

'"i 

SfP 

■:&-5 

a 

:SSS 

■999^ 

-03 

M 

:S:s 

p 

1»S.13 

ii 

:!iS 

8 

7 

iSS 

■9999*6 
9-9999*4 

-03 

iSS 

.80.1844 
I-;«SM74 

6 
S 

.m8os 
,119581 

"o* 

f.S 

.7B&47 
■7S0359 

.»7i» 

11 

■999938 

■03 
■OJ 

.Si! 

I 

Ca» 

D.  .". 

Sia. 

D.  1". 

Cot. 

D.  1". 

Tan. 

IT. 

tVtem  Allen'*  "Field  Bod  Offic*  Tablta."   Coprrigbt, 


LOGAKITHHIC  SINIS 


H. 

«.. 

„.,... 

Co..         D 

1".         Ttt.       ».  I". 

CM. 

■j 

8.141^ 

^ 

9-9999J4 

oj     !*■ 

.41^1 

119.68 

":S 

fa 

! 

1 

:^ 

"; 

80 
98 

JW9^ 

^ 

ii 

11H.17 

:« 

°5      a, 
05 

.7jnt4 

J 

i 

I 

Isii 

1 

i 

9-9W9'' 
■999^ 

i 

i 

9 

.^546 

.999913 

3ta6}i 

.6973» 

" 

B.3^ 

■M.67 

9.999910 
.999907 

OS         * 

3=8884 

™'" 

•:|™ 

5 

11 

! 327016 

11 
9j:» 

■  99990J 
9-99g^ 

05 

OS 

344610 

11 

93-43 

:66697s 

1.661  IM 

8 

>9 

:iS 

s 

350189 

:§8^ 

13 

8.366777 

Si 

11 

S4.63 
83.67 

ill 

i 

S        ' 

366895 
382889 

ii 

>4 

.3S7961 

';3S 

Ai 

OS             ^ 

388052 

Its 

83-72 

80.3. 

.61190S 

I.6c6j66 

i 

;Si 

58 
54 

43=3 

;S 

; 

i 

8.417919 
.4K717 

.4>746j 

Si 

h 

05     * 

1 

80.01 

..58.W 

3 

1 

.«II56 

.4368CO 
8.441394 

.445941 
,4S^o 

11 

38 

i  ^ 

'60 

7S.83 

S3 

■ii 

i 

39 

.459301 

!':S 

^l 

: 540519 

40 

8.44JM5 

-4&;98S 

'SS 

05  ^ 

Tt 

T.5361^ 
-531818 

! 
3 

'J 

43 

.472^ 

P 

,.§ 

i  • 

485050 
+89170 

Ii 

■5^546 

:S^ 
■:iX 

49 

:Si 

ii 

.999781 

3 

493'50 

1^ 

66.15 

-502707 
.4987" 

f 

5> 

B.S=^S 

P 

9-999779 
.999774 
.9997*9 
■999765 

s    ' 

505^ 

15 

Ii 

: 483039 

1 
[ 

P 

"jiii 

-9997*1 

-999753 

i  ' 

5"8349 

Is 

■479=10 
1.475414 
-471651 

i;:.1 

•999748 

53=080 

61!  6s 

.4679» 

s 

S  , 

-464321 

iS 

9:^?^ 

|S 

&:^ 

.:SS 

i 

Co.. 

D.  I". 

Bin.          D 

.". 

Cot. 

D.  >". 

T... 

«• 

COSINES,  TANGENTS,  AND  COTANGENTS 


177* 


«. 

SlD. 

D.  1". 

-. 

».  I". 

T... 

D.I". 

:^t. 

■~ 

8.541819 

i 

99973S 

:3 
:3 

8.513=«+ 

„        1 

456916 

So 

1 

-563999 

99973J 
999726 

9997'7 

9997M 

i 

6^ 
65 

I 

:g| 

SS 

3 

.08 

■  lylW 

i 

?s. 

% 

999694 

4=5480 

sr 

ii 

.5S419J 

5^:78     ^ 

q99fao 

:| 

■la 

.584514 

K 

fo        ' 

ill 

so 

8 

15 

.587469 

3 

-587795 

5- 
5; 

1  * 

408949 
sa 

3930" 

! 

ii 
19 

11 

99905 
999«5 

:o8 

:X1 

5- 

41 
4" 

»4 

^;ii 

5"-48         ' 
51. 'J 

49-38 

Is  . 

999640 

999629 
99962+ 
999619 

S3 

.S19313 
.622343 

4< 

8s 

4<> 

II 
Ii 

11 

ag 

999603 

99959" 

.fi3'30B 

1 

4S 

3" 

30 

i 

8.^». 

48.05      s 

4 '43 

9995S6 
99958" 
999575 

'.'^ 

.61,^853 

4; 

« 

g 

30 

% 

s'fi^'F 

4fi.a2 

999564 
99WSS 
999553 

:S 

.("s;i49 

} 

i ' 

34^85. 

IS 
39 

ill 

999547 

:E 

.661689 

'i 

3373U 
334567 

n 

♦> 

8,667(89 

ii  ^ 

9995^9 

S.«68]te 

t 

i  ' 

33'840 

4* 

43 

1^1^ 

9995" 

:i° 

:S^ 

ii 

S 

>7 

47 

M& 

43-97                g 

9995°6 

;" 

8:61^4 

44 

i  ' 

SB 

IS 

1^** 

fi 

999493 
99948? 

:lo 

as 

4; 

i 

315828 
313216 

48 
49 

ieiS^ 

as 

99M8t 

:" 

ss 

4; 

310619 
308037 

J* 

5" 

':^ 
:*!?! 

41.42           9 

999469 

iio 

.699617 

8.707140 

42 

i 

1 
3 

S 
g 

"S 

4J.45         , 

999437 

;" 

4I 

57  , 

^ 

40.2S         , 

i! 

:!; 

.709618 
.7IZ083 

.71697' 
8.719396 

* 

i 

i 

4 

Col. 

D.  ,». 

Bin. 

».  ,~. 

ct. 

"57 

r""- 

IT 

LOGARITHMIC  SINES 


„. 

„.. 

»..». 

... 

D.  I". 

Tki. 

D.  .". 

Cot 

j 

7 

;75i«4 

40.07         9 
39-g 

|S 

-.0 

•:!;« 

40.17 

1. 180604 
.578194 

I 

3 

•■11 

fi 

.739969 

11 

:5» 

39^73 

:?!?; 

1 

9 

1     ' 

38-17 

999371 
999361 

9993SO 

;| 

if 

.266337 

% 

54 

S3 

S" 

':?g 

37^77 

999336 

38.08 

1.257078 

so 

\l 

^^^ 

'747479 

IjS^i 

s 

J3 

il 

S'753S« 

!■ 

999301 

8-r? 

37.48 
37.30 

1 

Iaj9is8 

1 

4> 

.761337 

999^73 

;763o§ 

■=36935 

" 

•:SS 

f,:S     ' 

9^65 

8.765546 
-767417 

is 

';|g 

40 

,76885s 

999J50 

.769578 

M 

ItSS 

35: 5J 

999^ 

:!;SS 

II 

.iaai73 
.J56.34 

S 

u 

*' 777333 

35:^7           ' 

999IIO 

7a!3» 
784408 

':a^^ 

35 

>9 

isSi 

II 

999^" 
999197 

'H 
3463 

! 115593 

31 

30 
31 

i 
i 

39 

.803876 

33-07 

999;89 

999J58 
999134 

8        18S 

33" 

'195343 

3» 
>4 

B 

4J 

^:l^t^ 

3^-78         9 

999™ 

S      «   42 

329^ 

■189317 

-> 

4» 

.813667 

II 

» 

"^5 

■  S 

si; 

ii: 

•i 

S.3IS599 
.8175" 
■  f'9«6 
-821343 

999044 

3"^ 
3    90 

'■■83471 

il 

.8J3240 

999=36 

;    § 

8.8i5i3o 

30^55 
30.43 

314a 

1-17,-197 

i 

:^ 

999010 

"4 

-l7-'>08 
.17-116 

i 

.8J0749 
.83=607 

4I 

11 

51! 

3045 
30  3i 

:::s 

I 

1 

998950 
9939*1 

■5 

1 

l.i.-.^a9 

'IT" 
■■ISS356 

s 

Co.. 

■>■  '"■ 

5in. 

D.  ■■'. 

Cot 

TT 

T.n. 

"^ 

COSINES,  TANGENTS,  AND  COTANGENTS 


283 

-^ 

.3 

,876615 


;s 


ss 


LOGARITHMIC  SINES 


COSINES,  TANGENTS,  AND  COTANGENTS       171° 


H. 

Bio. 

D.  1". 

Coi. 

D.  1". 

T«n. 

D.  I'f. 

Cot 

Y 

9- "45555 

14-97 

<■"     53 

30 

'•.n 

15.  W 

"■Ii 

&> 

S 

M 

14!  SI 

i 

i 

149631 

'50544 

9!^^ 

13.17 

t 

■j^ 

StyS 

46 

30 

lS3i§ 

«!^ 

■|^3J 

i 

I 

;iS0636 

■4-73 

30 

15.05 

:8449'3 

9 

.151569 

14!  70 

^J 

3' 

155978 

Jt^ 

■  844O" 

SI 

14 
19 

.155083 

it! 

M-S7 
14-55 

"4-43 

'"i 

^995409 

30 
3° 

.30 

9-156877 

J4.97 

si 

i 

14.73 

o.aMTJ3 

.8*2315 

.841319 
■  840435 

:8^ 

s» 

4S 

44 

«■ 
41 

•0 

ii 

9.l6»fi4 

:l8iS 

14.  S5 
M-SS 

s 

"32 
-30 

;!:S 

1 

u 

"■JS! 

':?^ 

■  3» 

'imiJJ 

14-53 

as 

■9 

,168856 

uM 

I99SJ41 

^3J 

I171895 
.172767 

iti 

:S8 

31 

at 

S" 

g 

s 

39 

9-169710 

9-J739S 
.177141 

14.08 

14!  00 

13-97 
13-93 

■3- 8s 
"J.  83 

-995051 

.9«03> 

3J 

1 177084 
181360 

14.38 

■4-33 
11.30 

i 

♦> 

*'-im 

13.80 
'3-75 

1 

0.8I6MI 

4> 

il7>7l6 

!9.!74 

35 

i  i 

\tu 

.B14403 

'I 

.9.1-96 

35 

gj  1 

■3  97 

.813561 

it 
13 

*8 
49 

:^iZ 

II 

iiiii 

1  ^ 

Ti 

'.fi^ni 

11 

50 

9.186180 

13-53 

Its 
J3.45 

9-994818 

9  191465 

13-87 
■3-83 

13-82 

;3-7a 

■.-50S53S 

5> 

..8709. 
.1S95I9 

.»4793 
■  994739 

:l 

:i3gl 

•806047 

.8051  JO 

1 

S 

JiS 

■  9947™ 

9-;9|™ 

13.6s 

0.804394 
•803570 

5 

!  191933 

■ I9=7S* 

:af 

:» 

i;Ei 

.80.747 
.801916 

i 

i 

s'lMSJi 

ii^ 

.994640 

9-W4SJC1 

.198894 

.801106 
0.S0M87 

0 

Cot. 

D-  1". 

Sia. 

D.  1". 

Cot. 

D.  1". 

Tin. 

w. 

^ 

Si< 

IXWARTTHMIC  SINES 


»■ 

BID. 

D. I".          C 

.. 

D.  1". 

T... 

D.,.. 

Cot. 

~ 

9-I9W3' 

?i^         ' 

SMS" 

^'^l^ 

0. 801087 

eo 

I 

994*" 
994580 

^33 

13:51 

:as 

s 

:I?6?J9 

99456° 

.  797*41 

S5 

* 

-W5^ 

'3- 15         ' 

9«5'9 

^35 

':ii 

-•EH 

i 

7 

'.\^m 

994499 

^33 

^2054™ 

'3^47 

:Sg 

SJ 

i 
9 

.«o«6 

Sj'^ 

99J438 

■-S 

.106207 

13^43 

:S3 

9.KK11J4 

li  ' 

99441S 

:i 

.109420 

13-37 

11 

S 

so 

a 

,:St 

II  ' 

9943S7 

99433S 

994 3>6 
994*95 
994,74 

i 

illTOlS 

:».. 

i 

41 

9.ID9W 

994111 

.35 

1 

^■"^ 

o.7|<wo 

«> 

>4 

3S 

":65 

as 

.21656a 
.218916 

9.2197" 

■  781C74 

s 

s 
1 

11 

9^045 

U.9J 
11. 95 

.777948 

s> 

»9 

:2i6854 

11"  58 

■l 

:2»183<' 

s> 

30 

.318365 

"g    ' 

993982 

9.113607 
.224381 

i'i 

■-S 

JO 

3 

31 

.jigtiS 

il  9 

99396° 

1 

35 

.225156 

.774844 

33 
34 

s 

9.211367 

991939 

003918 

3?, 

»:3S 

il 

°:mWi 

*4 

i 

iiKBei 

9938^4 

.M9007 

"'" 

.770993 

n 

.J236Q6 

903832 

n 

"3 

9938.. 

'230539 

.T6M6I 

9937»9 

is 
II 

o.7«8fi5« 

4> 
41 

:3?| 

" « 

W5746 

3? 

;S3 

-76793s 

» 

8 
•i 

.131713 

IP 

993725 

.=J3^ 

0:7648^ 

F 

'i'i 

9936^ 
W3616 

37 

|?| 

■2.5a 

s 

SO 

m  s 

9-238873 

0,761118 

1 

■sss 

« 11 

,1a 

37 

'.'^"l 

12.48 

:^^ 

\ 

^ 

.I346!5 
■»3SJ49 
9-"3g73 

la"' 

vi 

37 

1 

9.2416.0 

12^  41 
12:38 

:75S.M 

i 
4 

^ 

■'3^>iS 

"S         , 

9M3J96 

-244S39 

^ 

9.1^ 

993W4 

»Sgg 

"'M 

ol;!!: 

■1 

Coi. 

S.I 

SiD 

D   I". 

Cot. 

D.  1". 

Tm. 

Zl 

xo" 

COSINES 

TANGENTS,  AND  COTANGENTS       i6<f 

M. 

Sio. 

D.  1". 

Coi. 

D.  1". 

Tan. 

r..,-. 

Cot. 

o 

iS 

9-993351 

9.J4<^i9 

":S 

0.75368' 

6a 

3 

1 

11.7a 

s 

I37 

:i 
1 

-37 

3 

5« 

5 

9-a43J37 

55 

e 

i 

1993JM 

:|| 

":« 

'■S 

54 

.993'49 

;asa9» 

11!  13 

•747080 

5> 

9.  =46775 

III 

iil 

9-993137 

9.35364s 

.744900 

SO 

11 

■S 

'38 

1 

I 355100 

3 

J3 

■J4^ 

;^g 

:Jia 

ll'.Z 

.744176 

? 

9-357"69 

45 

.JS0980 
.351677 

iss 

:3S 

.743010 

43 

.  353067 

■■■55 

.99'94* 
.991931 

:» 

;S 

43 

*4 

9.353761 

,■11 

11.53 
"1.% 

ii;4J 

".37 

11.35 

9.993S98 
.993875 
.99185a 

■&, 
9.^73! 
.993759 

'993690 

i 

i 

"■■il 
ill 

11.93 

":S 

■il 

11.83 

IS 

.734153 
"733739 

40 

i 

i 

30 

s 

33 

5.9^ 

.993619 
.993596 

.38 
:3s 

.369375 

11.73 

ill 

0.733033 

i 

>7 

9 

.99357" 
9- 99=549 
.993535 

»:iil 

"Si 

36 

iS 

:^'>1'77 

liisj 

^9^ 

.»7'876 
■373573 

":63 

S 

99 

1 1^66^13 

.9934M 

.374369 

II^SS 

*> 
^ 

.>68734 

IJ-I5 

"if 

•  99>38' 

.40 

:^ 
.40 

.40 
'40 

^SS 

u!53 

ill 

ID 

43 

.170069 

11!  11 

^99!>335 

■  »77734 

:SS 

s 

8 

9.37^35 

Jlirtl 

'■.K 

'-.gg 

"ig 

{» 

S 

■37i7»6 

5I;S 

.993363 
.993339 

:E'^ 

11:43 

■'"S" 

'11 

« 

.373388 

.993314 

.716S36 

30 

■  m^ 

pi 

i»;9» 

':^% 

.43 

.40 

!40 

9.3^iS58 

11.40 

0.718143 
.717458 

10 

M 

S 

^SJ 

.993044 

.91(3010 

.991996 

Jii 

!;"t>i>>4 

":38 

:!:S 

il 

9:^ 

.991971 

9' 991947 

9.^si*S3 

11:35' 

.iS3 

Co». 

D..". 

Sin. 

D.  ,". 

Cot. 

D.I". 

Tu. 

TT 

LOGARITHMIC  SINES 


M. 

sin. 

D.  1". 

Co.. 

9»|W 

D.I". 

Tan. 

D.  1". 

Cbt. 

I 

10.78 

:%    ' 

ill 

1710674 

«o 

1 

''S 

»■' 

9-»'8'3 

:^    9 

2?^ 

"lis 

°-l^^ 

i 

■Si 

.0:7 

.991774 

:4J 

294017 

i,:!i 

'7^ 

i 

9 

.agS408 

Joil? 

»946e4 

-TOSS'i 

*:S 

10.67 

■°-S7 

9.991699 
.991674 
.991649 
.991624 

■  991549 

1' 

296677 

ii;S 

.703^7 

so 

4i 

'i 

is 

j^sa 

III 

:| 

JOH95 

§1 

;sg 

41 
41 

11 

11 

§1 

9.99144S 
■  W346 

■  4' 

301951 
30326, 
304S^ 

ii 

0.698049 

"■IS 

4e 

1 

'1 

:w7^ 

'i'^ 

"99!^ 

■  4' 

S| 

£| 

34 

.29SJ11 
.299034 

"■^' 

■S\l',i 

■« 

ss 

io^tS 

if^iij 

3" 

3' 

3= 

s 

.300895 
■301514 

'Si 

El 

10.30 

9.991^ 

;|  ' 

30R46J 

Si 
311685 
311327 

JO 

i 

.J03979 

lolij 

'99^ 

■43 

liS 

!^67 

:^^ 

•3 

.99P9fo 

.6S57S 

*> 

>:» 

^;!l 

'3 

'■'i    ' 

314885 

;».fi3 

0.M51.S 

ii 

43 

•1 

.l..<as 

'^:\l 

.990355 

316795 

S 

,990829 
9.990*03 

':«    9 

318697 

.6S2S70 
0.681936 

i« 

8 

i| 

-990697 

:« 

li 

lo'^ 

li 

9.3I'89J 

9.990671 

10.4S 

0,678778 

5' 

:gf 

32.851 

.678749 

sa 

11 

1 

;« 

^^ 

io:« 

1 

7 

1 

9- 314897 

.4     „ 

S2 

II 

a6756t' 

i 

S 

'.l^k 

.99045B 

.4 

3^ 

io;4o 

:^E 

J 

i! 

9-317879 

3>6S53 

"ij? 

.073147 

i 

Co.. 

D.  I". 

Sin. 

D.   ,". 

Cot. 

D.  ,'■. 

TlD. 

ilj 

la* 


COSINES,  TANGENTS,  AND  COTANGENTS 


M. 


o 

I 
a 

3 

4 


I 


lo 

IX 

xa 
13 
14 

^1 
II 

19 

ao 
ax 
aa 

as 

34 

a< 

ag 

30 

31 
3a 

33 
34 

1^ 

39 

40 
41 
4a 
43 
44 

48 
49. 

50 

5X 

5* 
53 
54 


§ 


Sin. 


9.317879 
318473 
319060 

319658 
320249 
320840 

321430 
322019 
322607 

323194 

323780 
324366 

324950 
325534 
326117 
326700 
327281 
327862 
328442 
329021 

32959? 
330176 
330753 
331329 
331903 
332478 
333051 
333624 
334195 
334767 

337043 
337610 ' 
338176 

338742 

339307 
339871 

340434 

340996 
341558 
3421 19 
342679 
343239 

343797 

344355 
344912 

345469 
346024 

346579 
347134 
347687 

348240 
348792 
349343 
349893 
350443 
350992 
351540 
352088 

Cos. 


D.  1 


// 


9.90 

9!  87 
9.85 
9.85 
9.83 
9.82 
9.80 
9.78 
9.77 

9.77 
9.73 
9-73 
9.72 

9.68 
9.68 
9.67 

9.65 
9.63 

9.62 
9.62 
9.60 

9.57 
9.58 
9.55 
9.55 
9-52 
9.53 
9-50 

9.48 
9.48 
9.47 
9-45 
9.43 
9.43 
9.42 
9.40 
9.38 
9-37 

9.37 
9-35 
9-33 
9.33 
9-30 
9.30 
9.28 
9.28 
9.25 
9.25 

9.25 
9.22 

9.23 
9.20 
9.18 
9.17 
9.17 
9-15 
9.13 
9.13 

D.  I". 


Cos. 


990404 

990378 

990351 

990324 
990297 

990270 

990243 
990215 
99018S 
990161 

990134 
990107 
990079 
990052 
990025 
989997 
989970 
989942 
989915 
989887 

989860 

989832 
989804 

989777 

989749 
989721 

989693 

989665 

989637 
989610 

989582 
989553 
^525 
989497 
989469 
989441 

989413 
989385 
"  1356 
328 

989300 
989271 
989243 

989214 
989186 

989157 
989128 

989100 

989071 

989042 


9S8840 
988811 
988782 

988753 
988724 

Sin. 


D.  1 


;/ 


43 
45 
45 
45 
45 
45 
47 
45 
45 
45 

45 
47 
45 
45 
47 
45 
47 
45 
47 
45 

47 
47 
45 
47 
47 
47 
47 
47 
45 
47 

48 
47 
47 
4.7 
47 
47 
47 
48 

47 
47 

48 

47 
48 

47 
48 
48 

47 
48 

48 
47 

48 
48 
48 

^? 
48 

4? 
48 

48 

48 

48 


D.  I 


// 


Tan. 


9.327475 
.328095 

.328715 
.329334 
.329953 
9.330570 
.331187 
.331803 
.332418 
.333033 

9.333646 
.334259 
.334871* 
.335482 

.336093 
9.336702 

.337311 
.337919 
.338527 
.339133 

9-339739 
.340344 
.340948 
.341552 
.342155 

9.342757 
.343358 
.343958 
.344558 
.345157 

9.345755 
.346353 
.346949 
.347545 
.348141 

9.348735 
.349329 
.349922 

.350514 
.351106 

9.351697 
.352287 

.352876 
.353465 
.354053 
9.354640 
.355227 
.355813 
.356398 
.356982 

9.357566 
.358149 
.358731 
.359313 
.359893 

9.360474 
.361053 
.361632 
. 362210 
.362787 

9.363364 

Cot. 


D.  I". 


0.33 

0.33 
0.32 

0.32 

0.28 

0.28 

0.27 

0.25 

0.25 

0.22 

0.22 
0.20 
0.18 
0.18 
0.15 
0.15 
0.13 
0.13 
o.  10 

O.  lO 

0.08 
0.07 
0.07 
0.05 
0.03 
0.02 
0.00 

0.00 

9.98 

9-97 

9-97 

9-93 

9.93 

9-93 
9.90 

9*87 
9.87 

9.85 

9.83 
9.82 

9.82 
9.80 
9.78 
9.78 
9.77 
9.75 
9-73 
9.73 

9.72 
9.70 
9.70 
9.67 
9.68 

9.65 
9.65 
9.63 
9.62 

9.62 


D.  I 


// 


Cot. 


0.672525 
.671905 
.671285 
.670666 
.670047 

0.669430 

^668197 
.667582 
.666967 

0.666354 
.665741 
.665129 
.664518 
.663907 

0.663298 
.662689 
.662081 
.661473 
.660867 

0.660261 

.659656 
.650052 
.658448 

.657845 
0.657243 

.656642 

.656042 

.655442 

.654843 

0.654245 
.653647 

.653051 

.652455 

.651859 
0.651265 

.650671 

.650078 

.649486 

.648894 

0.648303 
.647713 
.647124 

•646535 

.645947 

0.645360 

.644773 
.644187 

.643602 

.643018 

0.642434 
.641851 
.641269 
•640687 
.640107 

0.630526 

•m 

.637790 

.637213 

0.636636 

Tan. 


X02' 


LOGARITHMIC  SINES 


T*a.        D.  i".  Cot. 


.3S37J6 


.361356 
9.361889 
■  3634W 


.376519 

137*163 
9-378577 


9987679 
987649 
9876  s 

^7588 


987403 

9  9*737' 
98734 
98730 
987W 
987148 


9.36j.&t 

:iis 


■382575 

9.^3"'9 
.383681 


ss; 


:iia 


14*  COSINES,  TANGENTS,  AND  COTANGENTS       165" 


M. 

six. 



Coi 

D  1". 

T*n. 

D-l". 

Cot. 

Bo 

3 

3^  19> 

8  41 

53 

39677, 
39*919 

|.97 

.601081 

1 

i 

-°9 

)9      *6 

i  ' 

399155 
399990 
4«>Sa4 
40.SP 

0.60054s 

94 
53 

9 

'9 

40IS9I 

sM 

.598409 

S> 

93SB111 

-        «? 

S 

8.87 
8.85 

si 

8-83 

siso 

o.597S7« 

\l 

.^11 

IS 

« 

53 

:^. 

S 

M 

9.39H0S 

a-  1J91 

53       ' 

53 

404J49 
404778 

.596281 

1 

\i 

.39»695 

1% 

'-§ 

tM 

.59469" 

«> 

'9 

.393191 

v-99 

.593108 

9-3S06SS 

9    -J  « 

8.77 

0.592581 

4° 

1 

in 

I'i 

gst  69 

53 

X71 
4089,6 

37 

»9 

a  Is 

'sl 

fi       9 

410045 
410569 

si 

"■§ 

3« 

ij.^Mii 

|;7 

9'--07 

55 

41 1615 

il 

■^3 

3» 

JO 

3» 

IS 

111 

'1 

55 

4H658 

4>3!79 
413699 

If 
i.n 

•■:|l!: 

.586301 

30 

% 

1 

» 

.4°MS9 
.40J97» 

sas 

^^^l 

1       ' 
55  , 

4|5>57 
4-73>6 

IS 

24 

21 

43 

^:S 

li 

'S 

5S 

iii 

II 

■":SS 
:SS3 

Ml 

u 

17 

S 

'^^ 

ii 

'i 

i  ' 

4»4iS 
4»9^ 

P 

16 

s 

985347 

si 

.578^2 

« 

79S 

985314 

57 

B.l' 

.577537 

v> 

9.408254, 
.408731 

9985580 
985^7 

El 

il 
11; 

•igss 

9 

s* 

.409107 

9as>"3 

55 

1 ' 

.576007 

1 

a 

.40968- 

?i 

SS 

4^5^3 

'"w^ 

i 

1 

'■*"*s 

'SliS 

4'S5i9 
416017 

|i 

0.574481 
:g8 

^ 

I41J0SJ 

?l 

416534 
4*7041 

^ 

iVSl 

99849M 

S7        , 

t^^ 

eitl 

o!  57195^ 

Co*. 

D. :". 

sin. 

D,  ■". 

Cot. 

P-  ■"■ 

T.a. 

1- 

LOGARITHMIC  SINES 


Vi 


!S 


9.^4601 
-984569 
■9«4S35 


98JM 

^  ° 
983094 
9830S3 


■  43»79 
-«'5» 

9.433080 

■  433^ 

^34579 
.435078 
9-435576 

i  436570 

■  438554 

.439543 
-44003S 
9-440559 


.444458 
9-445435 


.454628 


COSINES,  TANGENTS,  AND  COTANGENTS 


.  44^973 


■  44945 


9-4SI»4 
451060 
4524B3 
.45^15 


9-459f«8 


■iim 


6.^ 


9-45749* 


.463iS( 
.46365* 
.4t«iJt 
9-46459; 
■  465^ 
.466477 

.4'-7r- 


.475763 

9.476=»3 
.476683 


7-95 

"; 

7-93 

7-90 
7.90 

■^ 

7.87 

•■ 

111 

■^ 

7.  So 
7.^ 
7:7s 
7-77 

': 

!:i 

'■'J 

Is 

7.68 

•] 

7.67 

^ 

7.4 

'1 

•: 

7-f^ 

'■'! 

is! 

7-SS 

7-M 

„; 

: 540115 
.539651 


:ISS 

S3540I 
.534931 
.534461 

^533553     . 


LOGARITHMIC  SINES 


.47^3=7 


9.4S6075 
4864S7 


.980441 
9-980403 


.9*«(7 
.^130 


■  495630 

■  496073 
?■ 490515 


COSINES,  TANGENTS,  AND  COTANGENTS       jSi<» 


„. 

sin. 

...-. 

Csi. 

™. 

„..-. 

,c. 

o 

9.48998a 

6«8 

9978J06 

9 

511776 

48BM4 

6d 

* 

97816s 
9781J4 

68 

5'»o6 
511635 

7^! 

1 

3 

1 491 147 

978P83 

S 

5-3064 

A 

64s 

978041 

g 

^*|«S 

9978001 

5T3*" 

64J 

1 

9 

!4»4« 

977835 

i 

lis 

ill 

li 

53 

" 

9-49385' 

643 

99777W 

s   ' 

;a 

7!  11  ° 

SS 

X3 
»4 

|S 

^S 

i 

7'^  0 

J.o? 

!!l; 

.496537 

if 

'IS 

i  ' 

13 

« 

.496919 
.497301 

6^ 

977461 
977419 

70 

ii 

1% 

48054= 
4B0"8 

4" 

34 

-as 

.499»4 

63? 

si 

97735' 

70      - 

70 

70 

3 

21151 

S^J573 

7^03 

479695 

*> 

II 

9-49958, 
.499963 

9977167 

70     3 

a1 

?:«    " 

477583 
47716= 

M 

IS 

.S"J4i 
.500711 

63a 

6  iS 

97708J 
97M' 

70 

IS 

V'.ai 

47674' 
4763=0 

3= 

39 

97*999 

475900 

3" 

31 

'11 

iSi 

6? 

997695 

IS! 

7"        ^ 
70        9 

5i4S» 
S'5359 

rJi 

1    ° 

47464J 

9° 

s 

9.*'336o 

9  97S74S 

5>6fiis 

11    ■ 

=5 

•  i 

97670a 

7^ 

»4 

99 

976*60 

5=7451 

Iss 

976617 
976574 

7' 

Sffi 

6.95 

n'mi 

« 

3? 

•iSfa 

"1 

7»    1    ' 

51870s 

6.95        " 
6. 93 
6.93 

& 

■J 

« 

■50«7'7 

si 

i ' 

5=9535 

470465 

3^S 

is 

9S07»99 

-     75 

530781 

El 

11    ° 

6.90 

46797s 

1 

« 

■50S58S 

53=439 

6^90 

467561 

s 

*S^ 

6.17 

9976103 
.976060 

h  ' 

§31 

6- 88        " 

■^S'*' 

1 

s> 

li 

.976017 

533679 

464i=l 

1 

53 

53409= 

is  , 

6.87     ° 

6.8s 
6.8s 
6-85        0 

4^J^ 

7 

9 

9:il^ 

s 

■  T 

^^ 

465X 

t 

.511173 

■975844 

.73        , 

1646^ 

P 

.S11S40 
9'sn64S 

I'j 

.WS800 

if 
53697= 

464351 
463850 

i 

Co*. 

D.  .". 

Sin. 

D.  ,-. 

Cot. 

D.  .". 

■D. 

. 

LOGARITHMIC  SINES 


Ifc'   I 


gs? 


,97*167 

9. 9741 i! 

-974077 

-toil 
■3<^7 
■3941 
973897 
973851 
973807 


549550 
549951 
550355 

551153 

55195" 

■M»75i> 

55394S 
5H74I 


COSINES,  TANGENTS,  AND  COTANGENTS        159' 


fM 


'-.t-r^ 


9.S143;5 
.544»J 
■  5450" 

Jg 


9!  971811 


■  97l«3 

■  97'M6 
.971398 

9.9713s' 


9^73 
56916 
S59M 
570035 

9  57t*>9 


57  967 

57  35 

9-57    3S 


LOGARITHMIC  SINES 


isr< 


,968,79 

,968379 

rs 

,96821s 
9.968178 
96807S 

.9680S7 
■  967977 

:3i 

.96ms 
.967735 
9-967674 
.967614 
.9*7573 
.96752a 
.967171 
,967411 
.967370 


9- 599091 


COSINES,  TANGENTS,  AND  COTANGENTS        157" 


■57*379 
9-57*689 


;» 


j:3 


SB 


9-588890 
.590984 

.59i«> 


.965*68 
9965615 
.965563 
•9655" 

■??^ 
,965406 

•96530' 
.965^ 
.965195 
■965143 


•96*773 
•^ 
•964*13 
9.964560 
•964507 

-9*4454 
.964400 
-96434T 
9.964"94 

■W 

9.964036 


g.f'i'io 


.3795*8     i 


rs 


LOGARITHMIC  SINES 


•^ 


■59"'?6 
.591473 

.393659 
.594151 


9-59^315 
■596903 
•597196 


1 603017 
.603305 


9.9633,7 
.963054 


9.617852 

J5a8554 
^28905 


,640199 


COSINES,  TANGENTS,  AND  COTANGENTS       155" 


■I'm 


tenuis 

:S38 


.659373 
.65^ 


:i1 


iii 


.9S803S 

■  957979 

■  9S79U 


0.336203 
■  3IS516I 
.3356'9 


:S-:S 


.M>?87 
-S3»57 


LOGARITHMIC  SINES 


^ 


H. 

»u 

D.I". 

Coi. 

D.!"- 

Tm. 

I>.«". 

Cot. 

~ 

9.f.:-^  48 

4- SI 

9957176 

i 

40 
9. 

98 

*      m 

5-.S 

o-nw 

? 

i 

4.5" 
4-50 

1 

g 

9.  « 

ti 

3 

I 

.t  ■    7° 

* 

I 

0 

Vi 

M 

i 

» 

:^ 

J" 

9.638647 

ti 

4.47 

4^45 
4-43 

9-9S6684 

J 
i 

9.  63 

J" 

li 

.61S916 

gSJ 

in 

S-47 
5-45 

■45 
-45 
5-43 

^W38? 

! 

■3 

.6^9453 

.659721 

9.fia9989 

9.       oa 

j|g 

J 

.630514 
.63079^ 

95fi»8 

1 

:5gS 

« 

i 

« 

63">S9 

956148 

»B 

-3'S*> 

V 

■D 

9         iG 
59 

ti 

9        89 

49 

■90 

'43 

-J^IIO 

*> 

■3 
11 

1 
"3 

i 

7 

'43 

'^StoJ 

n 

89 

,  3 

s 

:3«4So 

s 

■9 

u      19 

7= 

:^84 

v 

£ 

9.'     «4 

4  4> 

"^ 

.« 

»ar 

S-4» 

5-41 

5-40 

S-40 

5.40 

0.391:04 

.3»I79 

3 

^1 

440 

440 
44° 

1 

95SJ6S 

679146 

.3x854 

9S5307 

67947 

.3B5J9 

3 

n 

i 

9    SI 

J 

;:i 

9.SSS 

2 

-319556 

» 

.6g[4>6 

.^ 

*> 

I 

14a 

438 

ii 

437 

43S 

'•|g 

i:S 

■s 

S.38 

1 

i38 

S-S7 

<KjaA 

I 

I9M701 
-95*640 

■  954457 
.954396 

•  954335 

11 

.681710 

S5 

-5>SJ5* 

3 

u 

so 

9        141 

9-954174 

9.  "^=4*8 

5.37 

5.37 
5.1s 

1 

o.3>SJJ» 

SI 

..I 

\% 

lioa 

■sz 

*3M3M 

I 

.^?«4 

.3Mo« 

[ 

H 

■84 

»^^ 

.&^j,55 

^313745 

.641064 

.lis 

% 

■■03 

Ji 

1 

Co.. 

■D.  1". 

Si.. 

D.  ,", 

c... 

D.  I". 

Tu. 

H 

COSINES,  TANGENTS,  AND  COTANGENTS        153' 


■• 

Sin. 

..,.. 

Coi. 

K... 

T«. 

Cl". 

CM. 

; 

,  6,1877 

'is 

9.953660 
.953599 
.95353 

lios 

9.etta;8i 

!«i»ia3 

S.3S 

II 

5-3' 

JCJllBlS 
.31149B 

Cu 

4 

Is 

liqj 

:g?^ 

ll!^ 

JJ 

3 
I 

9.643135 

9-95335 
■  953W 
.953»B 
.953166 
.553104 

lio3 
I.03 

9-^9^ 

.64^103 

"^.3^ 

ss 

;; 

^:^ 

4.^ 

•-.S 

1.03 

9-6^1^1 
.■fi91^ 

5-3^ 

0.3^.9 

3 

47 

[• 

.644936 
-64S19S 

i 

;^ 

;iS 

i:i 

:§rj 

-3> 

■gi 

.645450 

i 

.■6^?i56 

.307344 

46 

% 
■9 

9.645706 

I 

*lg 

lies 

9.**2575 
.«WJ93 

-30 

"•§ 

4S 

:^^ 

\ 

■95'Si 

i'i 

:li 

■30 

41 
4> 

11 
S 

•9 

9-646984 
.647^ 
.647494 

,s 

SSI 

4' 

S3 

J 

"3 

li 

9.95J106 

-95»43 
.95|9&> 

.9518M 

,Si 

..,^,-67 

.'>y7.i» 

:j8 

0-305434 
.305117 

:» 

.304164 
0.303S47 

40 

li 
1 

31 

90 

9-«495=7 

9.951791 

9.'--?7736 

.j8 

o.3">64 

JO 

31 

s 

.649781 

III 

lios 

.6./««5 
9-'>^.ii6 

% 

1 

I 

11 

li 

;3 

:i 

I  "994" 

i 

i 

igS 

4.20 

*«i^ 

■.05 

*?^ 

■? 

"^^J^ 

3 

IS 

43 

:SSS2 

*'i 

;«^ 

■^1 

'■'i 

o-fi 

i§Si 

4-'S 

,:W 

!:o7 

9:7^^ 

■n 

SgiU 

J] 

.950778 

iv, 

,70^781 

'■% 

•'969=5 

a 

4.  7 

:^ 

Itom^ 

■f 

:SS 

" 

5> 

'm^ 

4-  7 

.950458 

':^ 

9.704036 

;''^ 

'S; 

1 

SI 

58 

.9»>3« 

'"7, 

I 

56 

4-  S 

4-  5 

« 

P 

9.0    'OS 

':w™ 

1:^ 

':S59?I 

'W 

1 

,    1 

4-  5 
4-  3 

9!S 

3 

.:g 

% 

'S 

0.193834 

c. 

D      '. 

SiD. 

D.  ■". 

Cot. 

D.  .". 

T.a. 

_ 

LOGARITHMIC  SINES 


M. 

s,.. 

D.  I". 

Coi. 

D.  1". 

Tui. 

■>■■■■■ 

Cot. 

9-        47 

9.949eS< 

9.707166 

s.« 

CJ,^     b 

95 

.949816 

.707478 

."9"s»  a 

i 

i 

/     I 

4-" 

2 

9^94^ 

i-i 

5» 

I 

Is 

'5 

i" 

■  949)94 

'949364 

.709037 

m 

. 949300 

.7°997' 

.2900JS  ji 

9.7iaa8j 

<>.3«J.S      p 

;j 

LxS 

4  to 

.9,9170 

.949"'^ 

I*^ 

'71090* 

iiS 

3 

<.08 

« 

4-08 

■  9^5 
^948715 

i!o8 
I. OS 
i.oS 

11 

5-J7 
5-17 

•  teiJiS 

.«e65o 

.713076 

:=t^  41 

; 

9.661970 

,66iJi4 

9.94BS84 
.948519 

i.oS 

"i^ 

5- 17 

0.2SMM  4° 

11 

u 

.66J459 
.66170  J 

:t^M 

1: 10 

'I'l^i 

.«^6 

.948323 

:  71464 

u 

9.663190 
■  663433 

4-05 

':« 

i!^ 

"iSS 

5.J5 

.66^77 

.94Si;6 

:!iii 

si  "5 

'.sAw    » 

% 

.6639H) 

.948060 

.11.114"    3" 

*9 

.664163 

.947995 

I'M 

.aljiSJ   V 

30 

"■^S^ 

4-03 

'i^^"* 

x.,« 

"ii 

.664S91 

.947797 

33 

.947731 

:  717,01 

ti 

.J&599  3 

34 

SI 

gia^" 

4:03 

.947665 
9.947600 

l!o8 

9!?;^'?? 

:SS 

4- 03 

•IS 

]'." 

■^IsiS 

5^13 

'Sl^  1 

,666341 

: 718940 

t'3 

^ISICAI    B 

39 

.666583 

'947335 

.7'9»43 

.180751  n 

4P 
41 

^^"^^ 

4.°' 

9.947»fi9 
.947»3 

,'.m 

"■W' 

5." 

33 

4> 

•Si 

i" 

.  947136 
-947070 

\M 

,7I»09 
.7»3iS 

5^" 

2 

.66B;67 

4!o3 

*^ 
4-00 

11 

■i 

I'i 

5-10 
5.JI 

9.669515 

9. 94 ''■'-04 

9.7«6ai 

f. 

•gS^ 

!:!i 

g 

■jj^     I 

:^ 

.946W 

I:li 

ili 

sioa 
5-10 

iSS  i 

e 

.670S96 

!671j7J 

3 
li 

3.9s 

1 

9.945935 

!;i 

'•Si 

,735065 
-715370 
9.755674 

0,27585;  ; 

o.i743»  _t 

Co.. 

».  I". 

Sin. 

D,  1". 

Cot. 

D-  1". 

Tmn.     1* 

COSINES,  TANGENTS,  AND  COTANGENTS        151' 


9-945**' 
145193 
45' ^5 
145058 


9-944583 
■  1514 
..W46 
•  944377 


■7305^ 


9- 731746 
.711046 


9-941517 
i  941378 
.  94=308 


-734463 
9-734764 
-735066 


';«'S| 


-73837' 
.73BS7' 
-73897' 


. 743156 
-743454 
9  74375= 


LOGARITHMIC  SINES 


:S:S 


9.eqa^ 


'.693^1 

•69jS9a 


CMSINES,  TANGENTS,  AND  COTANGENTS 


■• 

Sin. 

D.  1". 

C... 

X..1". 

,„. 

„..". 

Cot^ 

1 

.700580 

3.65 
3.63 

9.W753; 

Ii 

i937i|8 

11 

4.97 

il 

4SS 

i 

i 

.7«M98 

ii 

.763479 

.236i2, 

I 

.700716 

;S6l?l 

!'« 

-.SSi 

.^230 

.J35939 

s 

3 
S 

3.6i 
3.6a 

ft 

9-9.ie^w 

:SSS 

.936578 

,:S5f 

.76.933 
■765224 

*.85 

8 

a'A 

0.^35^48 

o:.;?,4i9s 

4S 

i 

.703101 

:gj 

41 

9-70J317 

9.936^ 

i'^ 

9-767=55 

40 

s 

. 70*179 

•J 
1 

: 768414 

1 

J 

*a|| 

'■§1 

if 

9-768705 

*'!' 

■230719 

i 

1705040 

^9354*9 

:» 

.230419 

31 

9 

'.% 

.935395 

4lea 

s 

3 

3-5S 
.57 

.915346 
■  935097 

1^=3 

■771015 

4.|> 

■^S 

i 

!  706326 

It 

S 

9.706539 

^57 

*  9349*8 

iiy 

:??li68 

Jiso 

Iw78j2 

" 

.707180 

1 

.9147S3 

-77'457 

."7543 

.707393 

■  934*49 

|0 

9.707606 

9.93457* 

9-773033 

0.226967 

s 

iSi' 

'■iS 

i:i 

t| 

.226679 
.^39' 

;s 

14 

■  U 

i  934349 
.9i4'7* 

!7W^ 

il 

4-78 

1 2158 16 

\l 

S 

i.53 

9-934'99 

:S£S 

9- 77*47' 
■7750*6 

°:rs 

J5 

.709518 

■  53 

■lis 

4.78 

.M4379 

13 

p 

9.709730 

9.933822 

i:!7 

"iiS 

4.73 

C1.22W9J 

13 

■709941 

■53 

■93JS9S 

4.^ 

.»3805 

! 

jl 

.**■ 

4.77 

; 213232 

J 

I 

9.710786 

■'ii? 

fl 

■  9)35» 
9^93344S 

.933369 

■933'i7 

.-.SIS 

■iis 

1 

B 

91711839 

S 

9i«3i^ 

,:3S 

o'«;^ 

• 

Coi. 

D.  ,». 

S'"- 

D._^ 

C.l. 

»■■■'■ 

i„. 

► 

]\^ 

3 

'.•it^, 

3 

s 

3 

{;j^ 

715809 

v,&, 

717879 

7i8ogs 

a 

711978 

3 

: 

7=J9<W 

i,i£ 

LOGARITHMIC  SINES 


193>S38 
,932762 
9-93''*5 
.93J60J 
.935533 
.931457 
.933380 


.4. 


I305g 
9-930373 
.9303™ 
.930213 
.930145 
■930067 


.9'92fi6 
9.9:19507 
.959159 
.9^«50 

■'^' 
9.9^15 

i 928657 


-7S0775 
■781346 


.782486 
,782771 
9.783056 

:» 

.783910 
-78419s 
9.7'il479 
.  .85148 

■35000 

S3 

.7S675J 


.7^(70 


g-y?!,*} 


':sa 

.701538 


COSINES,  TANGENTS,  AND  COTANGENTS 


„. 

Bin.       D. 

Coi.         D. 

.... 

T«n. 

D-I". 

Cot. 

3 

9.724"'> 
.7i4eiS      ■ 

SJ 

:g|-  i 

30 

i 

it 

h 

O.J0411I 

i 

1 

.7W17 

11 

.7Jbo24 

i 

!9'sl4      j 

11 

.7969.3 

Jffl 

.101516 

i 

9 

1 

1 

.798316 

J:| 

•!! 

5" 

13 

i'"^!? 

i 

9.917619    , 

^ 

w. 

4.67 

il 

•^13 

1 

44 

1 

il 

.717628 

35 

■91707'     ] 

31 
33 

: 199713 

n 

M 

u 

9.718117 

•i 

.719810 

31 

9.916831      , 

33 

S3 

'III 

.80^13 

t67 

tl 

0.  .98604 
,198315 

o"!"iS 
-196370 

40 

f 

•9 

.IS...   ; 

.803909 

.196091 

Ji 

^ 

9.9*.^ 

4.63 

i? 

0.195813 

g 

:!SS    i 

:S^   ; 

35 

:^''lr45 

^ 

39 

.730811       : 
.73i«9        ; 

i 

.9'57S8 

35 

9-~''5.i8^ 

0.194410 

is 

.7J'990        3 

i 

^9^5465       1 

.915384   ; 

35 

■WIS 

t4 

■:ssti 

.•93585 
.193307 

14 
il 

♦> 

9.731193        , 

9.915JIJ   , 

35 

4.63 

41 

:SSg 

.731784       ■ 
.7311980      : 

iS 

IsijcJo      ] 

'X-^ 

i 

4.6J 

:l9M73 

:i 

43 
44 

s 

:?X   i 

35 

?;| 

.191195 

;i 

J3 

9.7S3'77        ; 

9.914S.6   ; 
■914735    , 

^'■''cM 

"11 

M 

:g 

.7JJ5*9        i 
.733765 

.914654    , 

:i?ieo7 

11 

49 

.733961       ; 

■  9H49"        ' 

37 

tii 

30 

;jJ43S3      : 

.J34549 
I734SS9        ■■ 

IT 

9.914409       I 
.91,318 

.91408J   J 

35 

9-809748 

o'IsIm^ 

1 
I 

^ 

':;g^    : 

15 

9.914001 
■913919   , 

':l:;;s 

t.d 

"•■ifss" 

S 

s 

.7355J5        ; 

13 

'■'s  • 

37 

,811667 
.91.964 

ttl 

:& 

3 

g 

s^iii^  ■ 

fs 

-9^3673     , 

3? 

.811241 

4^60 

o:igI^ 

I 

Co..        D. 

"■ 

Sin.          D 

1". 

Col. 

D.  1". 

T.D. 

M. 

LOGARITHMIC  SINES 


•if 


»« 


.812794 


ps 


iSM 


34*        COSINES,  TANGENTS,  AND  COTANGENTS        145" 


9.74756= 

-74774? 
■  747«f 
.74|"L 


9.7494'9 
-749*15 
.749801 

,.749987 


9.751184 
-751469 
.7516S4 
■  751839 


.75=576 
-75«6" 
.75=944 


i«78! 

17144 
)73» 


.915471 
.915385 


-9134^ 


.840917 
9.841187 
.841457 


5. 841535 
■843074 
!8435n 

9.84388J 
.844151 
■X 
.844958 

9-845"" 


.16043a    : 

.I5969»    ■■ 
.1596"     1 


35" 


LOGARITHMIC  SINES 


-• 

BID. 

„.,... 

.      C. 

» 

T„ 

D.  I". 

Cot 

] 

o 

9.  75859- 

9933 

48 

9         17 

4.48 

J:  11 

O.I5177J 

ig| 

I 

:',Si 

'.«, 

7S 

■'54504 

^ 

3 

,;iS 

■« 

93^ 

1 

^ 

4:48 
J:  48 

''^ 

5! 

5 

iSi 

i:^ 

'1233 

rJ 

76 

S 

P 

i:?l 

^ 

*4.% 

.■5^ 

P 

s-^S^S? 

9.91177 

o..5»a7 

Ji 

15 

9.76ii85 

1 

9    38a 
9    "99 

9       »J 

4S 
48 

1 

»9 

B 

.1518,9 

3 

8 

'J 

:». 

11 

s^» 

p9790 

+47 

■  •^Ti 

J 

la 

^Tftiw 

B5«S 
S503S 

<:« 

jS 

•1 

-762534 

'■76W5 

2.9S 

99    58 
'U 

48 
5" 

9        g 

9       1 
99 

4.47 
4U7 

°;pi 

°; 147801 

5 
1 

% 

m 

60 

4^45 

3> 

»9 

i763777 

a-M 

50 

» 

4.4S 

'146999 

9     0686 

y 

9853268 

4.4s 

0.14673' 

J> 

31 

■;;,]'g 

2:9s 

90SQ6 
90506 

:» 

3 

33 

i 

9:^  "[-38 

9         15 

50 

,:p 

tis 

■  14S13D 

«4 

i 

irV'? 

is 

4^*5 

s 

9-7657™ 

ii 

9         J8 

O.I4406J 

4> 

.765896 

90009 
90960 

5> 

!:« 

..43796 

3 

43 

9' 7665^ 
.766774 

i:i 

,Sj 

9        70 

4^45 

■:!J2l3 

5 

.766949 

w'e 

'3 

.7671M 

.7673f«> 

as 

5 

1 

4:45 

:i:2 

11 

30 

'■X 

1.90 

9-        73 

53 

9-         ^ 

4.4! 

0. 141398 

" 

S 

.767S24 

J.  92 

S3 
S3 

4-43 

:IJ^ 

1 

1 

P 

s 

'769045 

9-769JI9 

>4 

9     i 

'.1 

4.43 

.Mcfeo 
■  139^7" 

I 

9 

I 

_ 

C... 

D.  .-. 

5n 

D 

Cot 

D.  1". 

Tu. 

u. 

COSINES,  TANGENTS,  AND  COTANGENTS        143" 


9.773533 
■773704 
■73875 


.9071=9 

.f/>hli4 
9.<|06ni 


|3I 


.8689(5 
9.  '^■^09 


.778187 


77^ 


! 876336 

.sr65e9 


LOGARITHMIC  SINES 


Bin. 

..... 

c... 

..... 

T,.. 

D.  1". 

Cot. 

1.80 

J.  78 

1 

9.9°2M9 

S3 

160 

■i 

9.S77IM 

M 

.IJ2360 

i 

i 

.780801 

sis: 

.9»IS85 

SS 

.■E? 

p 

.780968 

.H7^7S 

4-38 

.1»S22 

)" 

9-78' iM 

ii 

9- 901394 

•1 

4-37 
4-37 

Xi 

4-37 

0.120259 

50 

.7816J4 

-90;^ 

\'.6o 

.J|9997 

S 

41 

.J81S00 

,:|3; 

"'IS 

4S 
4S 

■.^^t 

2:77 

:?S^ 

lita 

:S!^S 

1"|423 

43 

4" 

.7SS6J0 

.900529 

l!6o 

:"7i99 

9-782796 

2^75 

9.SS,363 

4^37 

0.  I17«37 

*> 

.78=961 

.9»337 

.SS»2S 

i 

•783117 

175 

.900240 
.900144 

lito 

:» 

4' 35' 

'Si 

.SS^.O 

.116590 

if 

^75 

':§ 

J:  62 

-SS4457 

ii 

ail65S 
:1J5804 

3» 

.78418a 

1899564 

.Ka4;i9 

:{I^i 

3" 

9-7S«47 

2-75 

9-899167 

9.684^ 

4.37 

0.1150:0 

90 

.7846.1 

.SK51t2 

.11475S 

3 

.7S4776 

2*7 

■899273 

.SSs.'W 

ii 

■114496 

.784941 

t.6i 

.3 

3 

39 

.89BS84 

','tl 

.S56M9 

ti 

•4 

:^iil 

2.7 

1.63 

.BWill 

:"^ 

33 

ii6} 

:sa73M 

9.786089 

a 

''■1^ 
:^'^ 

1.61 

3 

9-83^ 

4-35 

is? 

o..t»4°« 

■ill 

11 

.T86S79 

.B9flm 

:i..j6i 

11 

I '2 

Si: 

.197;" 

■889161 

ISS96S1 

4:33 

:i3i 

is 

I787SS7 

.897*14 

■SS9943 

;y 

9.9WS16 

9.S90104 

Q. 109796 

■J 

.897418 

1 

.^71147 

4^35 

1 10927s 

J 

I 

■s 

°;to 

■gl 

i 

il 

0,108493 

■loBijj 

s 

.7B9018 

.S96729 

M'^ 

Jm 

I 

^x. 

li 

.89663. 
989653= 

9:^^11 

o:;SJ5i 

I 

Coi. 

». ... 

""■ 

». ... 

Cot. 

D.  .'■. 

Tm. 

rr 

38« 


COSINES,  TANGENTS,  AND  COTANGENTS       141° 


9.79049 
.79MT1 

.790793 
9- 790954 

!79"»7S 
.7914^ 
,791596 
.  79';s7 


■    9-T9'557 


.79430a 
■  7946"6 
.794784 


15939 
-  >5a40 
,895741 


9--*>;546 


.893J4J 


.893131 
■  893591 

9.S94111 


■79;7f7 


. 891435 
.S9=3M 
.891133 


.  I91736 
.B916H 

9%'5'J 


.890707 


9.907077 
.907S36 
■907594 


3l>' 


LOGARITHMIC  SINES 


M. 

sin. 

P..".  11       CO- 

D.  1". 

T„. 

„...■. 

Cot. 

.799184 

ISO         » 

890195 

1.70 
1.70 

1-71 
1.71 

,908886 

4'.30 
4-30 
4.30 

4- 30 

09.63. 

to 
ss 

i 
I 

9 

.6o«7i 

J.60 
1. 58 

JS 

889579 

.  909918 

090598 

oS9s§ 

089307 

9-800417 

8S9477 

+  30 

4:30 
4- 30 

4.28 
4.30 

089049 

5* 

13 

l]?" 

lis 

088791 

9 

4T 

'801047 

i:i 

.9M9B1 

9.9m40 
,913499 

088018 
087760 
087501 

4B 
45 

1 

:£;s; 

^, 

'■n 

.9J»756 

» 

i 

.801819 

3% 

888548 

1-73 

'.m>7' 

0867J9 

4> 

>3 

'7 

9-8o'9ra 
iSolaSi 

:» 

.803050 

=  58         ' 

i 

( 4 

7 
34 

1 

1'" 

.913787 

IS 
9! 914817 

■  91533" 

4-30        " 

4.38 

4.30 

^71 

as 

1 

it 

.B03«4 
.803^7 

1 

88750 

''■u 

:?:s 

11 

084410 
084153 

i 

30 
31 

^8038 17 

S87406 

[.73 

9-91610* 

■.X 

ts   ° 

si 

S 

34 

S 

.B03970 

,:» 

.8044  38 

i  ' 

!:| 

.9.6877 

it   ° 

08.35J 

s 

P 

39 

-SoSsi 

si 

886571 

886^66 

M5 

;S 

B 

s 

■1 

S 

9- 805039 
.805191 

886361 
8S6i.57 

■-7 
'■7 

9.918677 
.918934 

4.38        °- 

sa 

" 

886151 

.91919' 

080809 

s 

47 

4s 

e^> 

91919961 

•  9»476 

it    • 
'ii 

o795>4 

4> 

;igl 

11 

.9»733 
.930990 

iS 

079167 

j; 

30 

9.806557 

SS'ilii 

!:S    " 

?53 

S> 

.806709 

g^-^-^ 

j'7S 

.9=1503 

-197 

j 

s» 

.806860 

K510O 

.911760 

i 

.807011 
.807163 

i'H 

» 

1^75. 

i 

1 

1 

i  ' 

11 

i''" 

.9*3044 

i 

3 

is 

9.8^^ 

=■5°    9. 

K 

!:" 

,s 

i 

I 

Co.. 

'^^~ 

Sin. 

Col. 

D.  .-'. 

F=- 

M. 

COSINES,  TANGENTS,  AND  COTANGENTS       139' 


M. 

Sin. 

D.  I". 

c... 

D.I". 

Tho. 

D.  I". 

Cot. 

T 

': 908218 
.808368 

2.50 

■|te6 

1:77 

9.923814 
.914070 

*27 

0.076186 
.075930 
.075673 

60 

3 

8^ 

ilso 

l:?l 

'^^40 

H 

i 

1 

9:So8S.9 
.808969 
.S09119 

3.50 

!8835lo 

9.92y«^ 

°i§ 

33 

.809269 
.809419 

J.50 

.M3404 
.8S3397 

:^2i 

i^Js?^ 

51 
St 

TO 

'S 

1.78 

*3i 
.926890 

4.27 

0.073622 
.073366 

9> 

I 
1 

1 

»9 

.810165 

:Bio763 

.882764 

9.^2657 
.|j2550 

i 

9-927659 

4^27 

il 

.072^5 

:i;5 

aa 

':l:3 

J.43 

If 

*ir" 

;-78 

9.928940 
■919452 

S 

0.WT060 
.070804 
.070548 

4" 

93 

»8al^ 
.8BI477 

-9»99'« 

4^27 
4' 25 

4.27 
4.27 

.069525 

S 

35 

•9 

.81J39* 

l.So 
l!78 

.930731 
.930967 

1 

39 

'■■" 

9.861046 

1.80 
I'&o 

9.93M99 

4.27 

4- =7 
4.|7 

30 

31 

li 

9.8So;W5 

9'9J2J78 
■9J3(«3 
.93326^ 

.068245 
.067990 

.066711 

It 

.^11715 

.880180 

l!8l 

.933545 

.06645s 

39 

.880072 

.933800 

.066300 

40 

'■iS 

■ii 

9.934056 

4.25 

°;^^ 

f 

4^ 

■  934S«7 

.065433 

il 

.87^37 

.934832 

4.25 
4.27 

■^'i! 

>7 

i 
! 

9:^  J 

3s 

■8795=9 

9.8794" 

iZ 

.935078 

o!  064^67 

16 

;s;:^6 

I-« 

4.25 

■3^^ 

13 

.815193 

.8.5339 

:» 

\i' 

■936355 

4.25 

:^|£| 

11 

51 

9.S.W8S 

pi 

^:;f;:^ 

.!8, 

'Ss 

4.25 

-0631M 

9 

33 

'd^^ 

.«J«:56 

.062879 

fi 

i 

Si  ■"'■.69 

I'i 

'ill 

iii 

4l 

1  = 

5 

3 

:'  -^ 

'■'•• 

g'.fimSB 

1.B3 

9.939i«3 

H: 

■^[317 
0!  060837 

1 

Ca.. 

»■  '"• 

Sin. 

D.  1". 

Cot. 

D.x: 

Tun. 

^ 

LOGARITHMIC  SINES 


M. 

Wb.        D. 

". 

Co.. 

D.  I"- 

,... 

D..". 

Cot. 

7 

"ii^   1 

» 

1877560 

1 

:^83 

4.15 
4*5 

1060582 
.060377 

5' 

1 

■JjZJ"       ' 

4a 

.877450 
.877340 

tn 

.060072 

.0598'? 

i 

1 

4° 

.87  120 

^s 

0.059561 
-05930S 

i 

9 

.~I7'-5S         J 

t 

:'S 

l94'4S9 

4:  = 

.05854" 

il 

9.818391 

9.876S78 

0.058167 

50 

j; 

:sa 

4° 

.87656S 
.876457 

i 

4!  = 

.058031 

s 

.816825      : 

.876347 

1 057511 

s 

.sUfsi 

.:S3i 

9-876115 

0.057012 

45' 

li 

.819257      i 

40 

.S76014 

:S| 

4!  = 

.056757 
.056502 

«' 

11 

!8i95is        ; 

-S75793 

't% 

.056148 

4>l 

19 

.8.968,      = 

1 

.875682 

-944<»7 

IS     = 

''SB 

i 

9. 944162 

VA 

.055319 

40| 

3 

.87  237 

i 945026 

i 

94 

!  830406     ^ 

.87  116 

.94S>8' 

13 

i 

9.875014 
.87903 

■  946299 

tn 

0:054465 

»■: 

»9 

:tl??^    ; 

^ 

.874568 

■  946554 

lo6}446 

9.S74456 

IS 

9.946S08 

*> 

SI 

.8J.4CP7 

i 

.874111 

:^'^i 

4  25 

.052428 

■iii 

S 

si 

Si 

.8J1S35 
9-8=.?77        , 

.8l21»           3 

1 

'11 

r> 

.8a2j6>        : 

37 

li 

;948i« 

*'f 

:SS 

n 

:l^    : 

37 

.873448 

id 

.949099 

.050901 

¥> 

9.822688     , 
.812830      ' 

9-873335 
-873223 

':?:^ 

*-'5 

0.050647 

ii 

41 

1 

9.872772 

ii 

.949862 

.950116 

4I13 

ill 
0.049375 

1 

^M  I 

i 

.872659 
.872547 
.872434 

i| 

.950879 

*'? 

^1 

M 

40 

.8J396J        J 

.8723=1 

-95'64S 

.048358 

9-951896 

35 

: 8720^5 

-871755 
9-371641 
.871518 

1:2 

.95^150 

.047850 

J 

1 
i 

i 824386        I 

9.824808    I 

i 

1951659 
9l953'67 

4I23 

.04759S 

Si 

-046579 

I 

fi 

!eijo9o      ' 

.871414 

1^75 

.«M63"S 

-e^jlo      ? 

.87"30i 

4I23 

.046071 

e 

.8^71      i 

9- 825511         "^ 

s 

.871187 
9-871073 

1 90 

^954 '83 

.•s; 

I 

Coi.        0. 

siD. 

CI. 

D-  ■"■  1       1M. 

3 

COSINES,  TANGENTS,  AND  COTANGENTS 


M. 

SlB.        D. 

". 

Coa. 

...... 

T«n. 

...". 

Cot. 

Bo 
It 

; 

Iii  ■ 

i 

9.^ioW 

I.9S 

9.954437 
■954691 
-954946 

4.p 

0-045563 

3 
s 

gUaSau         : 

i 

9-870504 

1.90 
1.90 

.955»o 

-955454 
9.955708 

Ip 

!o44Soo 

^.044546 

Is 

i 

■iSi  ^ 

i 

.8,0390 

.956469 

4.25 

■  043^5 
.043531 

5" 

9 

:8j677q        : 

.870047 

■9567=3 

.043=77 

SI 

13 

9.826910        J 

3" 

-S(Jq-o4 

j:^ 

9-956977 

4.23 

si 

SO 

.S27467     ' 

1 

.86,474 

'957993 

s 

'S 

9.|>76q6        = 

9-66.)f6o 

i!^ 

9^9^«7 

45 

iG 

-869^5 

-958500 

.041500 

44 

;i 

'si^      '■ 

1 

is 

1:92 

:& 

4^"S 

.041246 

43 

4a 

.8)8162        ^ 

■9S92S1 

^040738 

Tt 

9.82830t 

ill    ■ 

30 

30 

30 
30 
30 

.86S555 

1-92 
1.93 

9-959'l6 

-»'IT69 

4.2J 

4.23 

0.0494S4 

40 

li 
5 

9.828993      ' 

■'& 

.829407      = 

.86844^ 

1:92 

4^2J 

.038708 
.03B455 

35 

1 

»9 

■S»9545        ^ 

:a67747 

^9^1799 

.03B20. 

30 

9.8;-^3        ^ 

9.867631 

9.962052 

4. 23 

0-037948 

30 

£ 

.8675^5 

^9^2306 

.037694 

1 

P 

-8,101:97      : 

9.867051 

5^93 

*:" 

.037440 

0.036^ 

1 

1 

IS 

■Sf, 

iigj 

nm 

4     ' 

:« 

« 

i 

;8665^ 

■:« 

^% 

4^3 

-.91 

S 

40 

9-831058 

9.866470 

O.0354" 

*» 

28 
28 

■if 

^866004 

1'^ 

i 

ii| 

.035158 

^.034398 

11 

$ 

.83iti79     : 

^ 

9.865887 
.865770 

1^95 

9.  5 

4>3 

^03^1 

JS 

8 

ill   ■ 

3 
S 

:ii 

i:i 

■<9 

4" 

.033^ 

1 

30 

9-831425      J 

9.S6530J 

I.9S 

9         ^ 
19 

ft033877 

S' 

:SS;  : 

"7 

:» 

h 

.032624 
.035371 

1 

Jg  i 

.s 

i:i 

,    1 

io^sll 
0.031611 

i 

5 

'83^       ; 

27 

:» 

1^97 

S 

422 

.031357 
.031104 

4 

s,  "■ 

i 

9.864.27 

,    1 

^'j 

-03085. 
-J)0S97 

s 

Co..         D. 

Slo. 

D.  .". 

Cot. 

D.l    . 

T.n. 

M^ 

LOGARITHMIC  SINES 


136' 


». 

Biu. 

..,". 

c. 

-'"■ 

Tm. 

■>■■■■■ 

Cot. 

9.8337R3 

t% 

9.eb,iJ7 

t.95       ' 

9^56 

0  "JOJ44 

ii> 

s 

.8339.9 

IsaV'sS 

'■97 
1.97 

Ii 

ia 

1 

9.Shj=38 

!:^    -> 

970922 

o,oj',^ 

1 

3;^ 

..■..■S425 

54 

I 

:!3K 

; 

S 

■^'>Ms3 

i 

wl^ 

n 

.834999 

:,>-.j..64 

971935 

4!  21 

;SL^-^5 

'I 

IP 

j 

25 

.861471 

1: 

972138 
97^ 

4.21 

0.0278" 
I017305 

51 

1 

17 

# 

: 

n 

9-862353 
.862234 

Si 

973960 

4^21 

43 

J9 

:SS 

i 

11 

t^ 

i" 

.025787 

-<"5534 

41 

IS! 

1 

^ 

.K15.9 

1.9S 

?r«73 

tn 

o.«5*o 

I 

.861400 

1-98 , 

^7^179 

1 014521 

ST 

4 

1 

.OM368 

St 

^ 

9;|37»^ 

; 

';86!^J 

4-22 

.0J376J 

S 

'§7546 

■ 

" 

:^^ 

%i?^ 

4-22 

iS 

1 

>9 

9. "37812 

9.86056i 

977250 

0.011750 

y 

3< 

-SJ794S 

" 

.860442 

'ta"" 

2 

W 

.83S07S 

; 

.S60322 

i.oo 

^'22 

1 

.S^3i4 

; 

T, 

!  860^2 

\Z    '> 

978262 

5| 

o!o3I4§ 

ifeS 

; 

Ti 

:K 

%.m 

979274 

4.22 

I02072I 

« 

.SS9t«7 

.859480 

-0JO47J 

9-859360 

.S59239 

.019967 

il 

9^8J9&»> 

! 

" 

2' 02        5 

4-22 

,019714 
.019462 

$ 

isfloisS 

» 

; 858514 
.858393 

2:02 

./iLjl 

*'r 

-.018450 
.018197 

JJ 

« 

-SiosS 

.858272 

-017944 

9-85815' 

0.0I7«91 

i 

.840591 

; 

1 

m 

2.03 

4-2» 

:"l? 

::;& 

! 

s 

9:84iiii 
SIS 

9.84'7J1 

i 

Is 

9-857543 
.857422 

13 

4.22 

O.ot64>7 
.016174 

J 

5i 
s 

I 

ii 

3  9 

II 

il 

.0.54.6 
0.0.5163 

u. 

Cos. 

D.  I". 

sin. 

D.  I".    1 

Cot. 

D.  .". 

T«i. 

COSINES.  TANGENTS,  AND   COTANGENTS 


M. 

SiD. 

...... 

Coi. 

I>..". 

Tin. 

...... 

cot. 

~° 

':53: 

ill 

':ISS 

>.o3 

9.984837 
-985090 

4.JJ 

" 

O.S'63 

014*57 

60 

n 

.84JJ94 

.856699 

.985343 

S:i 

3 

I'M 

-85656S 
.856446 

2:S| 

014404 

ti 

i 

I'Al 

9-856j« 

J-»3 

';ii 

J:  22 

" 

ii 

a 

I 

a!  03 

.986607 

8 

.84^815 

.986860 

013140 

s> 

9 

.84J946 

.987.12 

012888 

s- 

10 

9.'^.t--7* 

.'.'7 

*8t^ 

^.05 

'■LC.1i 

4!  22 

" 

sa 

4S 

ij 

^;i 

I'M 

:sa 

lioj 

.y^57i 

■^'m 

iiili 

"J 

I'M 

,:& 

3 

a.  OS 

9.yShft29 

3:" 

J, 

3 

1li 

i'i 

.854727 

s 

010613 

44 
4» 

IS 

.854*03 

.9*9MO 

OW360 

9.^tn2 

9.854480 

9.989693 

1 

11 

■854356 
■  Sm^M 

2'? 

4.22 
*'Vi 

"9855 
009602 

"9349 

3S 

aS 

■  MS>47 

':g| 

'lib 
.99191* 

^^^'i 

34 

n 

■84540s 

I'll 

l.<y, 

4:20 

SS 

<>9 

■845SJ3 

.99JI67 

00733J 

3' 

9.«4'^^6> 

9-853241 

'Iff 

0=7580 

30 

.8S3"8 

007328 

I 

'v'i^" 

I'M 

:SS! 

12 

4"  21 

^2! 

1 

39 

I'Mi 

'■IS 

.851571 

Vi 

'iS| 

4-20 

" 

006569 
C063.7 
006064 
005811 

33 

I'? 

:Sss; 

:»; 

*'E 

0O5M? 
005304 

9-816944 

':gg; 

.84707' 

004801 

*> 

.847199 

.85' 747 

004548 

■  &.73'7 

.85'6" 

004>95 

17 

1 
S 

.|P 

>-jj 

,:y;5? 

sioS 

■  995957 
9.996210 

4!  22 

0 

004043 
003790 

■S 

l\l 

:ISS 

aioS 

■  996463 
.997221 

4-22 

iS 

002779 

30 

5> 

'iijri 

1.11 

':gS 

>.io 

9-99747^ 

4^22 

0 

W^I 

1 
I 

S 

-84847' 

i 

^:i 

lis 

i:H 

5 

1 

giasonS 

silo 

.999342 

i:E 

" 

001163 

i 

isJslj, 

- 

9:^^ 

,;,o 

•SK 

.:,o 

o!^^ 

4:22 

0 

t^ 

\ 

Co.. 

D.  I". 

Bin. 

D.  1". 

Cot. 

D.  1", 

Tun. 

M. 

■34 

' 

45° 

9SO 


GENERAL  TABLES  AND  FORMULA 


Table  76.    Giving  the  Weights  of  Different  Materials  per 

Cubic  Foot* 


Material 


u 


tt 


II 


ti 


u 


Ash  timber 

Brick  (pressed) ^ 

"     (common  building) 

Cement  (Portland) 

"      (Natural 

Concrete  1:2:4  Mixtiire  (Trap  rock) 

(Gravel) 

(Limestone) 

(Sandstone) 

(Cinder) 

1:3:6  Mixture  (about  5  lbs.  less) 

Earth  (common  loam,  loose  and  dry) 

(common  loam,  moist  and  rammed) . . 

(sand  or  gravel  loose  and  dry) 

(sand  or  gravel  rammed) 

(sand  or  gravel  wet) 

Hemlock  timber 

Hickory      "      

Iron  (cast) 

"    (wrought) 

Maple  timber 

Oak         "        (white) 

"        (black) 

Masonry  (dressed  granite  or  limestone) 

(mortar  rubble) 

(dry  "       ) 

Pine  (white)    

(northern  yellow) 

(southern  yellow) 

Steel 

Water 


II 


tt 
tt 
tt 


ft 


tt 


tt 
tt 


Weight  per  Cu.  Ft. 


75 
30 


40 

150 

125 
to  90 
to  56 

•iss 

152 
150 

145 
no 

70 

100 
100 
120 
120 

25 
50 

450 
480 

so 

48 
40 

i6s 
15s 
125 

25 

34 

40 

490 
62.5 


lbs. 
tt 

tt 

tt 

tt 

tt 

ft 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

tt- 

tt 

tt 

tt 

it 

it 

tt 

It 

tt 

tt 

tt 

tt 

tt 

tt 

tt 

* 
tt 


Miscellaneous  Weights 

I  bbl.  Portland  cement    376         lbs. 

...23s 


It 


natural 


(t 
tt 


tt 
tt 


I  gal.  water  "         8.345 

*  For  weight  of  road  rocks,  see  Tables  23a  and  236,  page  233. 
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Table  77. 


Giving  Moduli  of  Elasticity,  Working  Stress 
AND  Ultimate  Strength 


MoDin.1  OF  Elasticxty 


Material 


Concrete 

Hemlock 

Iron  (cast) 

Iron  (wrought) . 

Oak 

Pine  (white)  . . 
Pine  (yellow)  . . 
Steel  (medium) 
Spruce 


Lbs.  per  Sq.  In. 


2,000,000 

900,000 

17,500,000 

29,000,000 

1,500,000 

1 ,600,000 

1,600,000 

30,000,000 

1 ,600,000 


WouoNG  Stresses  in  Lbs.  per  Square  Inch 


Material 


Concrete 

Hemlock 

Iron  (cast)  . . . 

"   (wrought) 

Oak  ........ . 

Pine  (white) . . 

"     (yellow)  . 

Steel  (medium) 

Spuce 


Tension 


60 

600 

3,000 

xo,ooo 

X,20O 

700 

1,200 

12,000 

800 


Compression 


600 
W.  G.i  600  A.  G.«  ISO 

18,000 
8,000 
W.  G.  1,200  A.  G.  soo 
W.  G.  700  A.  G.  200 
W.  G.  1,200  A.  G.  350 

12,000 
W  G.  800  A.  G.  200 


Shear 


60  to  xoo 
W.  G.  100  A.  G.  600 

S,ooo 

8,000 
W.  G.  200  A.  G.  x,ooo 
W.  G.  100  A.  G.  500 
W.  G.  150  A.  G.  1,250 

12,000 
W.  G.  100  A.  G.  7SO 


Ultimate  Strength  in  Lbs.  per  Square  Inch 


Material 


Concrete' 

Hemlock! 

Iron  Ccast)  . . . . 
"     (wrought) . 

Oak 

Pine  (white) . . . 

"    (yellow) . . 

Steel  (medium) 

Spruce  


Tension 


300 

6,000 

z8,ooo 

50,000 

X  2,000 

7,000 

z  2,000 

60,000 

8,000 


Compression 


3,000 
W.  G.  6,000  A.  G.  600 

90.000 

40,000 
W.  G  7,000  A.  G.  2,000 
W  G.  s,50o  A.  G.     700 
W.  G.  7,000  A.  G.  1,400 

60,000 
W.  G.  6,000  A.  G.     700 


Shear 


Z300 
W.  G.  350  A.  G.  2,soo 
30,000  to  30,000 
35.000  to  55»ooo 
W.  G.  800  A.  G.  4.000 
W.  G  400  A.  G.  2,000 
W.  G.  600  A.  G.  5,000 

50,000  to  70,000 
W.  G.  400  A.  G.  3,2Qo 


»  W.  G.  —  With  Grain. 


>  A.  G.  —  Across  Grain. 
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Table  78.      Uniforic  Beams.    Maximum  Bending  Moment 
AND  Deflections  (Simple  Cases) 

Case  J.    Beam  with  ends  free.    Single  concentrated  load  P  in 
middle  of  span;  weight  of  beam  disregarded. 

The  maximum  moment  occurs  at 
the  center  of  the  span. 

*       4 

The  maximimi  deflection  occurs  at 
the  center  of  the  span. 


D 


PP 
48  £/ 


Concentrated  Load  in  Cen- 
ter of  span 

Where  D    «  the  deflection  in  inches 
P     —  load  in  pounds 
/     »  span  in  inches 
E    ^  modulus  of  elasticity  in  lbs. 

per  sq*  inch 
/     ■«  moment  of  inertia  in  inches* 
Mp  —  maximum  moment  in  inch 
pounds. 

Case  2.  Cantilever  beam  con- 
centrated load  P;  weight  of  beam 
disregarded. 

The  maximum  moment  occurs  at 
the  support. 


M 


Cantilever  Beam 


P 


PI 
PI* 


Case  J.    Beam  with  ends  free.    Uniformly  distributed  load. 
The  maximum  moment  occurs  at  the  center  of  the  span. 

The  maximum  deflection  occurs  at 
the  center  of  the  span. 

384  J?/ 

In  these  fbrmulae  W  equals  the  total 
uniformly  distributed  load* 


Uniform  Load 


FLEXURE  FORMULA. 
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Case  4-    Cantilever  beam.     Uniform  load  W. 
Maximimi  moment  occurs  at   the 
point  of  support. 

2 

The  maximum  deflection  occurs  at 
the  free  end. 


2?  = 


&EI 


Case  5.    Beam  with  fixed  ends,  concentrated  load  P  in  center  of 
span;  weight  of  beam  disregarded. 

The  maximum  bending  moment 
occurs  at  the  points  of  support  and 
at  the  middle  of  the  beam. 


8 


2?« 


p/3 


192  £/ 


Case  6.    Beam  with  fixed  ends  and  a  tmiformly  distributed  load. 
Maximimi  bending  moment  occurs  at  the  supports. 

12 
Wl 


M 


24 


Maximum  deflection 


S^aEI 


Resisting  Moment  of  a  beam  is  expressed  by  the  formula 

e 

Where  M^  «=  moment  of    resistance  in  inch 

pounds 

p  =  maximum  allowable  fiber  stress 
in  lbs.  per  sq.  inch. 

/  =  moment  of  inertia  of  the  beam 
in  inches  * 

e  —  distance  in  inches  from  the  neu- 
tral axis  to  the  outer  fiber 
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Table  79.    Centers  or  Gravity  of  Ordinary  Plane  Figums 


Squares,  rectangles,  parallelograms.  Center  of  gravity  is  at 
the  intersection  of  the  diagonals  or  midway  between  the  bases 
on  a  line  drawn  between  the  centers  of  those  bases. 

Triangles 


Center  of  gravity  is  at  the  intersection  of  the  medial  lines 
a  b  and  c  d;  a  medial  line  is  a  line  drawn  from  any  apex  to  the 
middle  of  the  opposite  side  The  distance  h  (C.  G.)  ^  \  ah;  that 
is,  the  center  of  gravity  is  on  the  medial  line  \  of  the  distance  from 
the  base  to  the  apex. 


Trapezoid 


9 -«------ - 


--=^-h 


Graphic  Method,  Prolong  h  a  to  g^  making  a  g  =  c  d.  Pro- 
long cd  to  hf  making  dh  =  ah.  Connect  g  h.  Bisect  ab  2X  e. 
Bisect  cd  at/.  Connect  ef:  the  intersection  of  gh  and  ef\s 
the  center  of  gravity. 

The  distance/  (CG.)  =  ^  X  '^ ^ ^ ^ 


Any  Quadrilateral 

Graphic  Method,       Draw 
the  diagonals  ac    and   bd 
intersecting  at  e. 
Lay  off  a  /  =  ^  c 
Lay  oQ  h  g  =  e  d 

Bisect  eg  Sith;  bisect  ef 
at  i. 

The  intersection  of /A  and 
g  i  is  the  center  of  gravity 
of  the  figure. 
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Circles 
Center  of  gravity  at  the  center 


Semicircle 

The  center  of  gravity  lies  on  the  radius 
perpendicular  to  the  diameter.  The  distance 
c  (C.G,)  =  radius  X  0.4244 


Quadrant 

The  center  of  gravity  lies  on  the  radius  which 
bisects  the  ^  ach.  The  distances  (C.G.)  =  radius 
X  0.6001 


Sector 

The  center  of  gravity  lies  on  the  radius  bisect- 
ing the ^acb.  The  distance  c  (C. G.) s  } radius  X 
chord  a  b  __  radius'  X  chord 

arc  a  rf  6   ~         3  X  area 


Segment 

The  center  of  gravity  lies  on  the  perpen- 
dicular erected  at  the  center  of  the  chord  ah. 


The  distance  c  (C.  G.)  = 


chord  db^ 


12  Xarea  of  segment 


Table  80.    Moments  of  Inertia  of  Simple  Sections 


/ 
I 


Moment  of  Inertia 
b^ 

Z2 


3 

-\^ *4 
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Triangles 


Qrcles 


12 


/=  0.7854  «• 


J. 


/  = 


UF-yj^ 


12 


V  APPENDIX   A 

TRAFFIC  RULES  AND  REGULATIONS,  STATE  OF  OHIO 

FOREWORD 

Inasmuch  as  Section  249  of  the  Cass  Law,  (G.  C.  7246)  directing 
the  state  highway  conunissioner  to  prepare  and  pubUi^  a  set  of 
traffic  rules  and  regulations,  is  for  the  protection  of  life  and  limb,  it 
is  undoubtedly  the  most  important  section  of  the  load  laws  of  Ohio. 

After  much  thought  and  investigation  of  rules  and  regulations 
governing  traffic  conditions  in  a  number  of  states,  we  submit  the 
following  in  as  condensed  form  as  explicitness  will  permit,  having 
selected,  as  we  believe,  the  better  parts  of  such  laws  and  regulations 
governing  the  traffic  of  other  states  and  municipalities,  and  putting 
them  into  a  code  of  rules  and  regulations  that  will  fit,  as  nearly  as 
may  be,  all  conditions  and  localities  requiring  a  code  of  regulations, 
which  will  at  the  same  time  govern  traffic  on  all  the  highways  of 
Ohio. 

A  cursory  examination  of  these  rules  may  lead  many  to  the  con- 
clusion that  unreasonable  restrictions  have  been  imposed,  but  we 
believe  a  thoughtful  study  of  each  section  will  reveal  an  effort  on 
the  part  of  the  State  Highway  Department  to  furnish  the  public 
with  a  code  of  traffic  regulations,  permitting  of  the  greatest  amount 
of  freedom  consistent  with  safety  first. 

The  original  draft  of  the  following  regulations  was  submitted 
to  Mr.  W.  A.  Alsdorf ,  Secretary  of  the  Ohio  Good  Roads  Federation, 
Mr.  Harry  Gordon  of  Cincinnati,  and  Mr.  Fred  Caley  of  Cleveland, 
who  carefully  studied  tiie  entire  code,  section  by  section,  and  sug- 
gested many  valuable  and  important  changes. 

We  now  put  forth  the  result  of  our  efforts  with  the  belief  that  if 
the  prescribed  rules  and  regulations  are  followed,  many  embarrassing 
situations  and  distressing  accidents  may  be  averted. 

Clinton  Cowen, 
State  Highway  Commissioner. 

ARTICLE   I  — DEFINITIONS 

Sec.  I  —  The  term  "vehicle"  shall  apply  to  a  horse  being  rode 
or  led,  and  to  any  conveyance  except  a  baby  carriage  or  street  car. 

Sec.  2  —  The  term  "street  car"  shall  apply  to  any  conveyance 
confined  to  tracks. 

Sec.  3  —  The  term  "driver"  shall  apply  to  the  rider,  driver,  or 
leader  of  a  horse,  a  person  who  pushes,  draws,  propels,  operates,  or 
who  is  in  charge  of  a  vehicle. 

Sec.  4  —  The  term  "road"  shall  apply  to  that  part  of  a  street 
or  public  highway  intended  for  vehicles. 
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Sec.  s.  — The  term  "curb"  shall  aj^ly  to  the  boundary  line  of 
a  road. 

Sec.  6  —  The  term  "sidewalk"  shall  aj^ly  to  a  path  or  walk 
intended  for  pedestrians. 

Sec.  7  —  The  term  "horse"  shall  apply  to  any  draft  animal  or 
beast  of  burden. 

Sec.  8  —  The  term  "motor  vehicle"  shall  apply  to  all  vehicles 
propelled  by  power  other  than  muscular,  except  a  street  car,  traction 
engine,  road  roller,  and  police,  fire  or  ambulance  vehicles. 

ARTICLE   n  — RESPECTIVE   RIGHTS   AOT)    DUTIES   OF 
DRIVERS   AND    PEDESTRIANS 

Sec.  I  —  Roads  are  primarily  intended  for  vehicles,  but  pedestrians 
have  the  right  to  cross  them  in  safety,  and  drivers  shall  exercise  all 
possible  care  not  to  endanger  them. 

Sec.  2  —  Pedestrians  should  observe  the  following  precautions; 

1st.  Avoid  interference  with  vehicular  traffic,  and  to  this  end  not 
step  onto  the  road  without  first  looking  to  see  what  is  approaching: 

2nd.  Cross  the  road  at  right  angles  —  at  regular  crossings  where 
such  exist,  —  and  where  a  traffic  officer  is  stationed,  wait  for  his  signal. 

Sec.  3  —  Pedestrians  wHl  aid  in  expediting  traffic  on  side-walks 
by  keeping  to  the  right,  and  when  stopping  for  any  purpose  by  doing 
so  on  one  side  and  out  of  the  way  of  a  crossing  or  driveway. 


ARTICLE   in— PASSING,    TURNING,    STOPPING, 
STAin>ING   AND    STAIMTING 

Sec.  I  —  A  vehicle  meeting  another  shall  keep  to  the  right,  so  as 
to  leave  half  the  road  free  for  the  coming  vehicle.     (6310  G.  C.) 

Sec.  2  —  A  vehicle  overtaking  another  shall  pass  to  the  left,  the 
front  vehicle  giving  half  the  road  to  the  rear  vehicle.     (6310  G.  C.) 

Sec.  3  —  A  vehicle  turning  into  a  road  to  the  right  shall  turn  the 
corner  as  near  the  right  hand  curb  as  practicable. 


J 


This  Way 


Sec.  4  —  A  vehicle  turning  into  a  road  to  the  left  shall  pass  around 
the  point  of  intersection  of  the  center  lines  of  the  two  roads. 


+) 


This  Way 


Not  this  Way 
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Sec.  5  —  A  vehicle  crossing  from  one  side  to  the  other  of  a  road 
shall  head  in  the  same  direction  as  the  traffic  on  that  side  of  the  road. 


L_._  y 


This  Way  Not  this  Way 

Sec.  6  —  On  heavy  traffic  roads,  slow  moving  vehicles  shall  keep 
close  to  the  right  hand  curb  so  as  to  leave  the  center  of  the  road  clear 
for  overtaking  traffic  —  the  slower  the  speed  the  nearer  the  curb. 

Sec.  7  —  A  vehicle  in  passing  aroimd  a  circle  shall  keep  to  the  right 
from  entrance  to  exit. 

Sec.  8  —  A  vehicle  on  a  road  divided  longitudinally  by  a  parkway, 
walk,  rope  or  other  obstruction,  shall  keep  to  the  right  of  sudi 
division. 

Sec.  9  —  A  vehicle  shall  not  back  to  make  a  turn  if  by  so  doing  it 
obstructs  traffic,  but  shall  go  forward  to  a  point  where  a  turn  can  be 
made  without  backing. 

Sec.  10  —  A  vehicle  shall  not  follow  another  too  closely  for  safety. 

Sec.  II  — No  vehicle  shall  stop  in  the  road  in  such  a  position  as 
to  prevent  the  free  passage  of  other  vehicles  in  both  directions  at 
the  same  time.  > 

Sec.  12  —  A  vehicle  shall  not  pass  a  street  car  which  has  stopped 
to  receive  or  discharge  passengers  at  a  less  distance  than  ten  feet, 
nor  at  a  greater  speed  than  six  miles  per  hour.  A  vehicle  shall  come 
to  a  stop  if  necessary  to  prevent  interference  or  injury  to  such 
passengers. 

Sec.  13  —  No  horse  or  vehicle  shall  be  driven,  propelled  or  allowed 
to  stand,  on  any  side-walk  except  for  purposes  of  crossing  the  same 
when  necessary,  and  then  only  the  shortest  way  from  the  road  to 
the  abutting  premises. 

Sec.  14  —  No  vehicle  shall  stop  in  such  a  way  as  to  interfere  with 
the  passage  of  pedestrians  at  regular  crossings,  or  within  10  feet  of 
a  fire  plug. 

Sec.  15  —  No  street  car  shall  stop  or  stand  within  the  intersection 
of  any  road. 

ARTICLE   IV— LOADS,    LOADING,    WIDTH    OF   TIRE, 

TRAILERS,    ETC. 

Sec.  I  —  No  traction  engine  or  other  vehicle  whose  wheels  have 
tires  equipped  with  lugs,  spikes,  chains  or  other  projections  seriously 
destructive  to  the  surface,  shall  be  driven  over  the  road.  (1342 1- 
12  G.  C.) 

Sec.  2  —  No  vehide  or  load,  the  total  width  of  which  is  greater 
than  twelve  feet,  shall  be  operated  or  drawn  over  a  road  unless  said 
greater  width  will  leave  one-half  the  road  free  for  passing  vehicles. 

Sec.  3  —  No  more  than  thirty-four  himdred  pounds  including 
weight  of  vehicle,  shall  be  transported  over  a  gravel,  macadam  or 
stone  road  in  a  vehicle  having  a  tire  less  than  t^ee  inches  in  width. 
(7477  G.  C.) 
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Sec.  4  —  For  vehicles  having  tires  three  inches  and  over  in  width 
the  load  on  any  wheel  per  lineal  inch  of  width  of  tire  on  any  road  shall 
not  exceed  six  hundred  pounds;  and  during  such  times  as  the  road 
surface  is  soft,  because  of  thawing  or  because  of  excessive  Tains,  the 
load  per  lineal  inch  of  width  of  tire  on  any  wheel  shall  not  exceed 
three  hundred  pounds  on  gravel  or  macadam  roads. 
'  Sec.  5  — '  Trailers  used  in  hauling  over  the  road  shall  be  so  con- 
nected that  the  wheels  of  no  two  wiU  follow  in  the  same  tracks. 

Sec.  6  —  No  vehicle  carrying  a  load  in  excess  of  fifteen  tons, 
including  the  weight  of  the  vehicle,  shall  be  moved  over  any 
road  except  under  the  written  permission  of  the  State  Highway 
Commissioner. 

ARTICLE   V— SPEEDS 

Sec.  I  —  No  motor  vehicle  shall  operate  on  a  road  at  a  greater 
speed  than: 

8  miles  per  hour  in  the  business  or  closely  built  up  portions  of  a 
municipality; 

15  miles  per  hour  in  other  portions  of  a  municipality; 

20  miles  per  hour  outside  of  municipalities.     (12604  G.  C.) 

Sec.  2  —  No  vehicle  shall  operate  on  a  road  at  a  sp>eed  greater 
than  is  reasonable  or  proper  or  so  as  to  endanger  the  property,  life 
.or  limb  of  any  person.    (12603  G.  C.) 

Sec.  3  —  No  motor  or  other  power  vehicle  carrying  a  weight  in 
excess  of  four  tons  including  a  vehicle  shall  be  operated  upon  any 
road  at  a  speed  greater  than  15  miles  per  hour;  and  no  such  vehide 
carrying  a  weight  in  excess  of  eight  tons  including  the  vehicle  shall 
be  operated  at  a  speed  greater  than  6  miles  per  hour  when  such  vehide 
b  equipped  with  iron  or  steel  tires,  nor  greater  than  12  miles  per 
hour  when  the  vehide  is  equipped  with  tires  of  rubber  or  other  simflar 
substance. 

Sec.  4  —  No  vehide  shall  cross  a  road  or  make  any  tum  at  a 
dangerous  speed. 

Sec.  5  —  Where  "Danger"  and  "Go  Slow"  signs  appeeu-,  the 
speed  of  any  vehides  shall  not  exceed  twelve  miles  per  hour. 

Sec.  6  —  Trucks  and  heavy  wagons  shall  not  be  driven  recklessly 
so  as  to  endanger  the  public. 

Sec.  7  —  No  vdiide  shall  emerge  from  an  alley,  stably,  garage 
or  any  private  drive  or  entrance  faster  than  a  walk  or  six  miles 
per  hour. 

Sec.  8  —  A  vehicle  upon  approaching  a  cross  road  shall  slow  dovni 
sufficiently  to  prevent  any  danger  from  meeting  other  vehicles  on 
the  cross  road. 

Sec.  9  —  No  person  shall  race  any  horse  or  motor  vehide  on  a 
road  whether  the  running,  radng  or  trotting  be  for  trial  or  speed  or 
for  the  purpose  of  passing  another  horse  or  vehide. 

Sec.  10  —  A  motor  vdiide,  road  roller  or  traction  engine  shall 
slow  down  when  approaching  a  horse,  if  the  horse  appears  to  be 
frightened,  and  if  the  driver  of  the  horse  shall  signal  the  driver  of 
the  vehicle  the  latter  shall  be  brought  to  a  stop,  and  if  the  drcum- 
stances  require  it,  the  engine  shall  be  stopped,  provided  sudi  signal 
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be  given  in  good  faith  and  under  circumstances  of  necessity.  Such 
vehicle  shall  remain  stationary  so  long  as  may  be  reasonable  to  allow 
such  horse  to  pass.     (12605  G.  C.) 

Sec.  II  —  In  case  of  injury  ^or  damage  to  person  or  property, 
due  to  the  operation  of  vehicle,  the  operator  or  driver  of  said  vehicie 
shall  stop,  and,  upon  request  of  the  person  injured  or  any  one  present, 
give  his  name  and  address  and  that  of  the  owner  of  the  vehicle. 
(12606  G.  C.) 


ARTICLE  VI  — SIGNALS,   HORNS,  SIGNS  AND   NOISES 

Sec.  I  —  All  motor  vehicles  and  bicydes  shall  be  equipped  with 
a  suitable  bell  or  horn  for  signalling.     (12614  G.  C.) 

Sec.  2  —  When  a  vehicle  is  slowing  up  or  stopping,  the  driver 
shall  give  a  timely  signal  to  those  in  the  rear,  by  raising  the  arm  or 
whip  vertically  (preferably)  or  horizontally  or  by  some  other  unmis- 
takable manner. 

Sec.  3  —  When  about  to  turn  either  from  a  standstill  or  while  in 
motion,  the  driver  of  a  vehicle  shall  give  timely  signal  by  hand  or 
whip  or  in  some  other  unmistakable  manner,  to  indicate  the  direction 
of  the  turn.     This  is  especially  important  when  turning  to  the  left. 

Sec.  4  —  Before  a  vehicle  is  backed,  the  driver  shall  give  timely 
warning. 

Sec.  5  —  Sound  signals  are  prohibited  except  for  necessary  warn- 
ing, and  must  be  reserved  for  that  purpose.  Signals  shall  not  be 
sounded  by  unauthorized  persons  on  standing  velucles. 

Sec.  6  —  All  signs,  signals  and  orders  of  a  traffic  officer  shall  be 
promptly  complied  with. 

Sec.  7  —  Every  driver  of  a  motor  vehicle  shall  give  a  timely  warn- 
ing when  overtaking  a  person  or  vehicle  on  a  road  or  when  approach- 
ing a  crossing  or  curve  where  the  sight  of  approaching  vehicles  may 
be  obscured. 

Sec.  8  —  No  vehicle  shall  be  so  loaded  as  to  cause  an  objectionable 
or  unnecessary  noise  by  parts  of  the  load  striking  together  or  upon 
the  vehicle. 

Sec.  9  —  The  use  between  the  hours  of  8  P.  M.  and  6  A.  M.  of 
the  muffler  cut-out  or  the  production  of  any  other  unnecessarily 
loud  noise  on  any  vehicle,  is  prohibited  within  100  yards  of  any 
residence  or  within  such  distance  as  might  seriously  disturb  the  in- 
habitants of  such  residence. 

Sec.  10  —  No  vehicle  shall  pass  over  any  road  which  is  closed 
against  traffic  to  be  repaired  or  constructed.  A  suitable  sign  or 
barricade  shall  be  considered  as  sufficient  evidence  that  such  road 
is  closed.    (1342 1-9  G.  C.) 


ARTICLE   Vn— RIGHT    OF   WAY 

Sec.  I  —  Every  driver  of  a  vehicle  approaching  the  intersection 
of  a  road  where  a  traffic  officer  is  not  stationed,  shaU  grant  the  right 
of  way  at  such  intersection  to  any  vehicle  approaching  from  his  right. 
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Sec.  2  —  A  vehicle  in  front  of  a  street  car  shall  immediately  turn 
out  upon  the  signal  of  the  operator  of  the  car. 

Sec.  3  —  A  vehicle  shall  not  so  occupy  any  load  as  to  obstruct 
traffic. 

Sec.  4  —  When  in  the  performance  of  duty,  the  following  vehicles 
shall  have  the  right  of  way:  Police,  Fire,  Fire  Patrol,  Ambulance, 
U.  S.  Mail;  also  the  militia. 

Sec.  5  —  During  blockades  and  stoppages  a  dear  space  shall  be 
kept  open  between  all  street  cars  at  crossings. 

Sec.  6  —  Pedestrians  about  to  get  on,  or  just  having  been  dis- 
charged from  a  street  car  shall  have  the  right  of  way  and  vehicles 
shall  come  to  a  stop  when  necessary  to  give  such  pedestrians  the  right 
of  way. 

ARTICLE   Vm-^  LIGHTS 

Sec.  I  —  Motor  vehicles  shall  display  between  30  minutes  after 
sunset  and  30  minutes  before  sunrise,  two  white  lights  in  front  of 
sufficient  power  to  be  visible  200  feet  away  in  the  direction  the  vehicle 
is  moving,  and  one  red  light  visible  in  the  opposite  direction;  also 
one  rear  white  light  which  shall  illuminate  and  make  plainly  visible 
the  license  number  tag.  Provided  that  motorcycles  need  have  but 
one  front  light.     (12614  G.  C.) 

Sec.  2  —  During  the  same  period  given  in  Sec.  i,  bicycles  shall 
have  a  light  of  siufficient  power  to  be  seen  200  feet  in'  the  direction 
the  bicycle  is  moving. 

Sec.  3  —  Bright  lights  on  any  vehicle  or  street  car  operated  within 
the  limits  of  the  right  of  way  of  any  road  shall  be  dimmed  or  con- 
trolled while  approaching  and  passing  another  vehicle  so  as  to  pro- 
tect from  the  direct  glare,  the  eyes  of  a  driver  200  feet  ahead  and  whose 
eyes  are  5  feet  above  the  road  surface. 

Sec.  4  —  In  order  to  avoid  accidents  and  for  the  purpose  of  secur- 
ing the  greatest  possible  safeguard  to  human  life,  all  drivers  of  horse 
dniwn  vehicles  are  urged  and  requested  to  display  a  light  at  night 
that  can  be  seen  both  in  front  and  in  the  rear. 


ARTICLE   IX  — MISCELLANEOUS   REGULATIONS 

Sec.  I  —  The  unnecessary  emission  of  dense  smoke  from  motors 
is  forbidden. 

Sec.  2  —  No  horse  or  other  domestic  animal  shall  be  allowed  to 
run  loose  and  unattended  upon  the  road. 

Sec.  3  —  No  vehicle  shall  be  used  or  so  loaded  as  to  permit  its 
load  to  be  scattered  over  the  road  in  such  a  way  as  to  be  objectionable 
to  traffic  or  detrimental  to  the  road.  In  no  case  shall  ashes,  garbage 
or  other  vegetable  matter  be  scattered  over  the  road  surface. 

Sec.  4  —  No  one  shall  ride  on  any  vehicle  without  the  consent  of 
the  driver. 

Sec.  s  —  No  road  shall  be  blocked  or  obstructed  by  any  farm 
implements  or  other  machinery  or  obstructions  except  when  the 
road  is  legally  closed  for  repair  or  construction.  (13421-11  G.  C) 
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Sec.  6  —  No  person  shall  operate  a  motor  vehicle  while  in  a  state 
of  intoxication,     (i  2626-1  G.  C.) 

Sec.  7  —  Any  special  rules  or  regulations  for  any  road  or  portion 
of  a  road  which  are  conspicuously  displayed  at  either  end  of  such 
road  or  have  been  made  known  to  the  driver  of  a  vehicle  by  a  road 
official,  shall  be  strictly  observed  by  all  drivers  of  vehicles  over  the 
road.     (7246  G.  C.) 

Sec.  8  —  Drivers  of  vehicles  shall  observe  such  care  as  is  neces- 
sary to  preserve  the  life  of  the  road;  —  avoid  following  the  tracks  of 
a  vehicle  preceding  them,  and  avoid  driving  in  the  ruts  that  may 
have  started  to  form  in  the  road  surface. 

Sec.  9  —  Any  person  operating  a  vehicle  or  moving  a  load,  or 
who  is  responsible  for  the  operating  of  a  vehicle  or  the  moving  of  a 
load  over  a  road  in  violation  of  any  of  the  rules  and  regulations  apply- 
ing to  such  road,  in  addition  to  the  fine  imposed  shall  be  responsible 
for  all  damage  which  said  road  may  sustain  as  a  result  of  such  vio- 
lation.    (1342 i-i  7  G.  C.)     

While  a  good  set  of  Traffic  Rules  and  Regulations  will  be  of  great 
service  to  the  public,  yet  in  connection  with  any  set  of  rules  and  regu- 
lations that  may  be  in  force,  it  will  be  necessary  for  drivers  to  exer- 
cise common  sense  and  good  judgment  to  avoid  accidents  and  protect 
the  roads.  By  a  careful  distribution  of  the  traffic  over  a  good  road 
surface,  roads  may  be  made  to  last  several  times  as  long  as  they  will 
last  when  aU  traffic  concentrates  in  a  single  track.  Every  individual 
should  remember  that  he  helps  build  and  maintain  the  roads  regard- 
less of  the  direct  taxes  he  pays,  and  hence  it  is  to  his  interest  that  the 
roads  be  used  in  such  a  way  as  to  preserve  them  and  render  the 
greatest  service  to  the  general  public. 

APPENDIX 

Sec.  6290  (G.  C.)  [** Motor  vehicle"  defined.]  The  term 
"motor  vehicle,"  as  used  in  this  chapter  and  in  the  penal  laws,  except 
where  otherwise  provided,  shall  be  deemed  to  include  all  vehicles 
propelled  by  power  other  than  muscular  power,  except  road  rollers, 
traction  engines,  police  patrol  wagons,  police  automobiles,  public 
ambulances,  vehicles  run  upon  rails  or  tracks,  fire  engines,  fire  trucks 
or  other  vehicles  or  apparatus  belonging  to  any  police  department, 
mimicipal  fire  department,  volunteer  fire  company  or  salvage  com- 
pany, organized  under  the  laws  of  Ohio,  or  used  by  such  police  depart- 
ment, volunteer  fire  company,  or  salvage  company,  in  the  discharge 
of  its  functions  or  in  transporting  its  officers,  members,  employes, 
men  or  articles  necessary  and  proper  for  the  proper  discharge  of 
such  functions,  to  or  from  a  fire  or  in  response  to  any  alarm  of  fire 
or  to  any  other  alarm  or  call  to  which  it  may  respond.  (100  v.  72; 
Am.  103  V.  763;  106  v.  139). 

Sec.  6310  (G.  C.)  [Meeting  vehicle  on  highway.!)  A  person 
driving  a  cjirriage  or  vehicle  on  a  public  turnpike,  road  or  highway, 
on  meeting  a  carriage  or  vehicle,  shall  keep  to  the  right  so  as  to  leave 
half  of  the  road  free  for  the  coming  vehicle. 
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A  person  riding  on  horseback  or  on  a  bicycle,  tricycle,  or  tandem 
bicycle,  or  driving  a  locomobile,  automobile,  or  any  motor  vehicle 
operat^  by  its  own  power,  on  meeting  a  carriage  or  vehicle  drawn 
by  horses  or  oxen,  shall  keep  to  the  right  so  as  to  leave  one-half  of 
the  road  free  for  the  use  of  the  vehicle  drawn  by  horses,  mules  or 
oxen, 

A  person  driving  a  carriage,  vehicle,  automobile,  or  an)*  kind  <rf 
vehide,  who  desires  to  pass  a  vehicle  going  in  the  same  direction  on 
any  public  road  or  highway  shall  give  an  alarm  or  demand  to  the 
person  or  persons  driving  the  vehicle  in  front  and  going  in  the  same 
direction,  of  such  desire,  and  the  person  so  driving  the  front  vehide 
shall  immediately  give  the  half  of  the  road  to  the  rear  vehide,  by 
turning  to  the  right,  so  that  the  rear  vehide  can  pass  to  the  left  of 
the  front  vehide. 

[Definition;  penalty.]]  The  term  vehide  herein  shall  apply 
to  any  vehide  propelled  by  its  own  power  or  drawn  by  horses  or  oxen. 
Any  person  or  persons  driving  any  vehide,  horse-drawn  or  otherwise, 
on  any  public  road,  who  shall  fail,  in  meeting  or  passing,  to  give  the 
required  road  as  herein  stated,  shall  be  subject  to  a  fine  in  a  court 
having  jurisdiction  thereof,  in  any  sum  not  less  than  one  dollar,  nor 
more  than  ten  dollars,  and  costs  of  prosecution.  (R.  S.  Sec.  3490. 
Am.  103  V.  556). 

Sec.  7246  (G.  C.)  [Publication  of  traffic  rules  and  regula- 
tions; special  rules;  enforcement. 3  The  state  highway  com- 
missioner within  sixty  days  after  the  taking  effect  of  this  act,  shall 
prepare  and  publish  a  set  of  traffic  rules  and  regulations  governing 
the  use  of,  and  traffic  on,  all  state  roads.  All  rules  and  regulations 
that  are  to  apply  generally  throughout  the  state,  induding  those 
applicable  to  roads  constructed  of  the  various  kinds  of  road  material, 
shall  become  effective  thirty  days  after  publication.  Spedal  rules 
and  regulations  or  orders,  applying  only  to  specified  sections  of 
state  roads,  shall  become  effective  as  soon  as  posted  at  each  end,  and 
at  all  road  crossings  on  such  specified  section.  For  the  purpose  of 
carrying  into  effect  the  provisions  of  this  section,  it  shall  be  the  duty 
of  the  state  highway  commissioner,  the  county  commissioners,  the 
county  highway  superintendent,  the  township  highway  superinten- 
dent, township  trustees,  and  all  patrolmen  or  deputies  employed 
on  any  highwajrs  within  the  state,  to  prosecute  any  violation  of  this 
section.  It  shall  be  xmlawful  for  any  person  or  persons,  firm  or  cor- 
poration to  enter  upon,  or  travd  over  said  state  roads,  except  in 
accordance  with  the  traffic  rules  and  regulations  promulgated  by 
the  state  highway  commissioner. 

Sec.  7477  (G.  C.)  [Weight  of  load  and  tire  width  pre- 
scribed.] No  person,  firm  or  corporation,  in  a  county  having 
macadamized,  gravded  or  stone  roads  shall  transport  over  such  roads, 
in  a  vehicle  having  a  tire  of  less  than  three  inches  in  width,  a  burden, 
including  weight  of  vehide,  of  more  than  thirty-four  hundred  pounds. 

[Board  of  directors  and  duties;  penalty.]  The  county  com- 
missioners shall  constitute  a  board  of  directors  for  their  respective 
counties,  with  power  to  prescribe  the  increased  gross  weight  in  excess 
of  thirty-four  himdred  pounds  that  may  be  carried,  induding  weight 
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of  vehicles,  in  vehicles  having  a  width  of  tire  three  inches  or  upwards, 
and  cause  such  regulations  to  be  recorded  in  their  journal.  Any 
person  violating  this  section  or  any  regulation  duly  prescribed  by  the 
board  of  county  commissioners,  made  in  pursuance  thereof,  shall  be 
fined  not  less  than  five  dollars  nor  more  than  fifty  dollars. 

CEnforcement  of  trafGic  regtilations.]  The  township  trustees 
of  any  township  and  the  county  commissioners  of  any  county,  shall 
cause  to  be  prosecuted  all  persons  violating  this  section  or  any  regu- 
lations prescribed  by  the  board  of  county  commissioners  made  in 
pursuance  of  the  authority  conferred  in  this  section.  The  county 
commissioners  within  their  respective  counties,  may  appoint  a  suit- 
able person  or  persons  to  enforce  such  section  and  regulations.  The 
person  or  persons  so  appointed  shall  receive  for  each  conviction  by 
them  secured  under  this  section,  such  portion  of  the  fine  or  penalty 
as  the  commissioners  deem  just  and  proper. 

Sec.  7478  (G.  C.)  [Publictition  of  trafGic  rules  in  coun- 
ties.] The  state  highway  commissioner  shall  furnish  the  county 
highway  superintendent  with  a  copy  of  the  rules  and  regulations  pro- 
mulgated by  said  state  highway  commissioner,  and  applicable  to  his 
coimty.  The  county  highway  superintendent  shall  cause  the  rules 
and  regulations  so  furnished  to  him  by  said  highway  commissioner 
to  be  published,  at  least  once  each  week,  for  two  successive  weeks, 
in  a  newspaper  published  and  of  general  circulation  in  said  county, 
if  there  be  any  such  paper  published  in  said  county,  but  if  there  be 
no  newspaper  published  in  said  county  then  in  a  newspaper  having 
general  circulation  in  said  county.  When  such  regulations  are  pub- 
lished in  the  manner  aforesaid,  it  shall  be  deemed  a  sufficient  pub- 
lication under  the  provision  of  this  act. 

Sec.  12603  (G.  C.)  [Operating  motor  vehicle  unreasonably 
and  improperly;  penalty.]  Whoever  operates  a  motor  vehicle 
or  motorcycle  on  the  public  roads  or  highways  at  a  speed  greater 
than  is  reasonable  or  proper,  having  regard  for  width,  traffic,  use  and 
the  general  and  usual  rules  of  such  road  or  highway,  or  so  as  to  en- 
danger the  property,  hfe  or  limb  of  any  person,  shall  be  fined  not 
more  than  twenty-five  dollars,  and  for  a  second  offense  shall  be^fined 
not  less  than  twenty-five  dollars  nor  more  than  fifty  dollars.  (99 
V.  541,  543,  Sees.  14,  2$.    Am.  103  v.  161). 

Sec.  12604  (G.  C.)  [Violation  of  speed  limit.]  Whoever 
operates  a  motorcycle  or  motor  vehicle  at  a  greater  speed  than  eight 
miles  an  hour  in  the  business  and  closely  built-up  portions  of  a 
municipality  or  more  than  fifteen  miles  an  hour  in  other  portions 
thereof  or  more  than  twenty  miles  an  hour  outside  of  a  municipality, 
shall  be  fined  not  more  than  twenty-five  doUara,  and  for  a  second 
offense  shall  be  fined  not  less  than  twenty-five  dollars  nor  more  than 
fifty  dollars.     (99  v.  541,  543,  Sec.  15,  25). 

Sec.  12605  (G.  C.)  [Failure  to  stop  motor  vehicle  when 
signalled.]  Whoever,  operating  a  motor  vehicle,  fails  to  slow  down 
and  stop  it  when  signalled  so  to  do  upon  meeting  or  overtaking  a 
horsedrawn  vehicle  or  person  on  horseback  and  to  remain  stationary 
until  such  vehicle  or  person  has  passed,  provided  such  signal  to  stop 
is  given  in  good  faith,  imder  dromistances  of  necessity,  and  only 
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as  often  and  for  such  length  of  time  as  required  for  such  vehicles 
or  person  to  pass,  whether  approaching  from  the  front  or  rear,  shall 
be  fined  not  more  than  twenty-five  dollars,  and  for  a  second  offense 
shall  be  fined  not  less  than  twenty-five  dollars  nor  more  than  fifty 
dollars.     (99  v.  541,  543.    Sees.  16,  25). 

Sec.  12606  (G.  C.)  [Failure  to  stop  motor  vehicle  in  case 
of  accident.]  Whoever,  operating  a  motor  vehide  on  a  public  road 
or  highway,  in  case  of  an  accident. to  a  person  or  property  thereon 
due  to  the  operation  of  such  motor  vehicle,  fails  to  stop  upon  the 
request  of  the  person  injured  or  a  person  present,  give  his  name  and 
address,  and,  if  not  the  owner  thereof,  the  name  and  address  of  such 
owner,  shall  be  fined  not  more  than  twenty-five  dollars,  and  for  a 
second  offense  shall  be  fined  not  less  than  twenty-five  dollars  nor  more 
than  fifty  dollars.     (90  v.  541,  543,  Sees.  16,  25). 

Sec.  12607  (G*  C.)  [Third  or  subsequent  offense.]  For  a 
third  or  subsequent  offense,  a  persoft  convicted  of  a  violation  of  any 
provision  of  the  next  four  preceding  sections,  shall  be  fined  not  less 
than  fifty  dollars  nor  more  than  one  himdred  dollars  or  imprisoned 
not  more  than  thirty  days,  but  if  such  subsequent  offense  occurred 
within  one  year  after  any  former  offense,  he  shall  be  imprisoned  not 
less  than  ten  days  nor  more  than  thirty  days.     (99  v.  543,  Sec.  25.) 

Sec.  1 2614  (G.  C.)  [Penalty  for  failing  to  provide  motor 
vehicle  with  bell,  brakes,  and  lights.]  Whoever  operates  or 
drives  a  motor  vehicle  upon  the  public  roads  and  highways  without 
providing  it  with  sufficient  brakes  to  control  it  at  all  times  and  a  suit- 
able and  adequate  bell  or  other  device  for  signalling,  or  fails  during  the 
period  from  thirty  minutes  after  sunset  to  thirty  minutes  hkon 
simrise  to  display  a  red  light  on  the  rear  thereof  and  three  white 
lights,  two  on  the  front  and  one  on  the  rear  thereof,  the  rays  of  whidi 
rear  white  light  shall  shine  upon  and  illuminate  each  and  every  part 
of  the  distinctive  niunber  borne  upon  such  motor  vehicle,  the  light 
of  which  front  lamps  to  be  visible  at  least  two  hundred  feet  in  the 
direction  in  which  such  motor  vehicle  is  proceeding,  shall  be  fined 
not  more  than  twenty-five  dollars.  Provided,  that  motor  vehicles 
of  the  type  commonly  called  motor  cycles  shall  display  one  white 
light  in  front  to  be  visible  at  least  two  himdred  feet  in  the  direction 
in  which  such  motor  vehicle  is  proceeding,  and  one  rear  combination 
red  and  white  light,  showing  red  in  the  direction  from  which  such 
motor  vehicle  is  proceeding,  and  such  rear  light  to  be  so  placed  that 
it  will  reflect  its  white  light  upon  and  fully  and  clearly  illuminate  the 
distinctive  license  identification  mark  of  such  motor  vehicle.  (99 
v.  540,  543,  Sees.  12,  24.    Am.  103  v.  766). 

Sec.  1 2628-1  (G.  C.)  [Intoxicated  person  operating  motor 
vehicle  upon  public  highway  or  street,  tmlawfuL]  That  it  shall 
be  a  misdemeanor  for  any  person  to  operate  a  motor  cycle  or  motor 
vehicle  of  any  kind  upon  any  public  highway  or  street  while  in  a  state 
of  intoxication,  and  upon  conviction  he  shall  be  subject  to  punish- 
ment by  a  fine  not  less  than  twenty-five  dollars,  nor  more  than  one 
himdred  dollars,  or  imprisonment  in  the  county  jail  for  not  more 
than  six  months,  or  both.     (99  v.  544,  Sec.  32.    Am.  103  v.  133). 

Sec.  13421-9  (G.  C.)    [Driving  over  closed  highway;  penalty.] 
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Whoever  drives  over,  upon,  along  or  across  a  public  highway,  or 
any  part  thereof,  which  has  been  dosed,  while  in  the  process  of  con- 
struction, reconstruction  or  repair  by  order  of  the  state  highway 
commissioner,  county  highway  superintendent,  county  commis- 
sioners, township  trustees  or  other  official  or  employe  having  au- 
thority to  close  such  highway,  shall  be  fined  not  more  than  fifty 
dollars,  nor  less  than  five  dolkirs. 

Sec.  1342  i-i  I  (G.  C.)  [Placing  obstruction  in  highway; 
penalty.]  Whoever  unlawfully  places  any  obstruction  in,  or  upon 
a  public  highway,  shall  be  fined  not  more  than  fifty  dollars,  nor  less 
than  five  dollars. 

Sec.  1342  i-i  2  (G.  C.)  [Driving  traction  engine  with  destruc- 
tive tires;  penalty.]  Whoever  drives  over  the  improved  highways 
of  the  state,  or  any  political  subdivision  thereof,  a  traction  engine 
with  tires  of  wheels  equipped  with  lugs,  spikes,  chains  or  other  pro- 
jections seriously  destructive  to  such  highways,  or  by  any  other 
means  damages  such  highways,  shall  be  fined  for  each  ofience 
not  less  than  ten  dollars  nor  more  than  two  hxmdred  dollars. 

Sec.  1342 1-14  (G.  C.)  [Digging,  excavating,  piling  earth  or 
building  fence  on  highways;  penalty.]  Whoever  digs  up,  removes, 
excavates  or  places  any  earth  or  mud  upon  any  portion  of  any  public 
highway  or  builds  a  fence  upon  the  same  without  legal  authority  or 
permission  so  to  do,  shall  be  fined  not  more  than  two  himdred  dollars 
nor  less  than  ten  dollars.  Each  day  that  such  person  continues  to 
dig  up,  remove  or  excavate  any  portion  of  the  public  highway  shall 
constitute  a  separate  offence. 

Sec.  1342 1-16  (G.  C.)  [Placing  nails,  tacks,  glass,  etc.,  upon 
highway;  penalty.]  Whoever  places  upon  any  part  of  a  public 
hi^way,  lane,  road,  street  or  alley,  any  tacks,  bottles,  wire,  glass, 
n^s  or  other  articles,  except  such  substances  as  may  be  placed  there 
by  proper  authorities  for  the  repair  or  construction  thereof,  which 
may  damage  or  injure  any  person,  vehicle  or  animal  traveling  along 
or  upon  said  public  highway,  shall  be  fined  not  more  than  two  him- 
dred dollars  or  imprisoned  not  more  than  six  months  or  both. 

Sec.  1342 i-i  7  (G.  C.)  [Violation,  of  traffic  niles;  penalty.]] 
Whoever  enters  upon,  or  travels  over  any  portion  of  the  highwaj^, 
within  the  state,  in  violation  of  the  traffic  rules  and  regulations  duly 
prescribed  by  law,  or  the  state  highway  commissioner,  or  the  county 
highway  superintendent  of  any  coxmty,  shall  be  fined  not  more  than 
one  hundred  dollars,  nor  less  than  five  dollars,  and  in  addition  thereto, 
such  person  shall  be  liable  for  all  damage  done  to  such  highway. 
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State  of  New  York 
Highway  Commission 


AMENDED    RULES   AND    REGULATIONS    FOR    STATE 

AND    COUNTY  HIGHWAYS 

Adopted  by  the  Commissioner  of  Highways  of  the  State  of  New  York 

Sec.  I.  No  traction  engine,  road  engine,  hauling  engine,  trailer, 
steam  roller,  automobile  truck,  motor  or  other  power  vehicle  shaU  be 
operated  upon  or  over  State  or  County  Highways  of  this  State,  the 
'  face  of  flie  wheels  of  which  are  fitted  with  flanges,  ribs,  damps, 
cleats,  lugs  or  ^ikes.  This  regulation  applies  to  all  rings  or  flanges 
upon  guiding  or  steering  wheels  on  any  such  vehicle.  In  case  of 
traction  engines,  road  engines  or  hauling  engines  which  are  equipped 
or  provided  with  flanges,  ribs,  clamps,  cleats,  rings  or  lugs,  such 
vehicles  shall  be  permitted  to  pass  over  such  highways  provided  that 
cleats  are  fastened  upon  all  the  wheels  of  such  vehicles,  not  less  than 
2}  inches  wide  and  not  more  than  i^  inches  high,  and  so  placed  that 
not  less  than  two  cleats  of  each  wheel  shall  touch  the  ground  at  all 
times,  and  the  weight  shall  be  the  same  on  all  parts  of  said  cleats. 

The  foregoing  regulations  relating  to  flanges,  ribs,  clamps,  cleats, 
rings  or  lugs  shall  not  apply  to  traction  -engines  used  solely  for  agri- 
cultural purposes,  but  the  following  requirements  shall  apply  to  such 
traction  engines: 

The  guide  band  on  the  front  wheels  shall  not  be  less  than  two 
inches  in  width,  but  no  flanges,  ribs,  clamps,  cleats,  rings  or  lugs 
diall  be  required  upon  the  front  wheek.  The  full  set  of  cleats  upon 
the  rear  wheels  of  the  original  design  as  furnished  with  the  engines 
must  be  used,  and  no  rivet  heads  or  bolt  heads  shall  project,  and  the 
use  of  such  traction  engines  for  agricultural  purposes  shall  not  pennit 
the  use  for  hauling  purposes,  excepting  the  hauling  of  threshing  and 
other  agricultural  equipment  necessary  for  threshing  and  agrioiltural 
purposes. 

This  provision  shall  in  no  case  relieve  the  owner  of  any  traction 
engines  from  liabiUty  for  damage  to  roads  from  defective  wheek. 

The  use  also  of  ice  picks  or  mud  lugs  shall  be  strictly  prohibited 
on  State  and  County  Highways. 

Sec.  2.  No  traction  engine,  trailer,  steam  roller,  automobile 
truck,  motor  or  other  power  vehicle  shall  be  operated  upon  or  over 
the  State  or  County  Highways  of  this  State,  nor  shall  any  object  be 
moved  over  or  upon  any  such  highways  upon  wheels,  rollers  or 
otherwise,  in  excess  of  a  total  weight  of  fourteen  tons,  including  the 
vehicle,  object  or  contrivance  and  load,  without  first  obtaining  the 
permission  of  the  State  Commission  of  Highways  as  hereinafter 
provided.  No  weight  in  excess  of  nine  tons  SiaXL  be  carried  on  any 
one  axle  of  any  sudh  vehicle. 

Sec.  3.  The  tire  of  each  wheel  of  a  traction  engine,  road  engine, 
hauling  engine,  trailer,  steam  roller,  automobile  truck,  motor  or 
other  power  vehicle  (except  traction  engines,  road  engines,  and  haul- 
ing  engines)  shall  be  smooth,  and  the  weight  of  such  vehicle,  including 
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load,  shall  not  exceed  800  lbs.  upon  any  inch  in  width  of  the  tire) 
wheel,  roller  or  other  object,  and  any  weight  in  excess  of  800  lbs. 
upon  an  inch  of  tire  is  prohibited  unless  permission  is  obtained  from 
the  State  Commission  of  Highways  as  hereinafter  provided. 

Sec.  4.  No  motor  or  other  power  vehicle  shall  be  operated  upon 
any  State  or  County  Highway  of  a  greater  width  than  ninety  inches, 
except  traction  engines  which  may  have  a  width  of  one  hundred  ten 
inches. 

Sec.  5.  No  traction  engine,  road  engine,  hauling  engine,  trailer, 
steam  roller,  automobile  truck,  motor,  or  other  power  vehicle,  carry- 
ing a  weight  in  excess  of  four  tons,  including  the  vehicle,  shall  be 
operated  upon  any  State  or  County  Highway  of  this  State  at  a  speed 
greater  than  fifteen  miles  an  hour;  and  no  such  vehide  carr3ring  a 
weight  in  excess  of  six  tons,  including  the  vehicle,  shall  be  operated 
upon  any  such  highway  at  a  speed  greater  than  six  miles  an  hour 
when  such  vehicle  is  equipped  with  iron  or  steel  tires,  nor  greater 
than  twelve  miles  an  hour  when  the  vehide  is  equipped  with  tires  of 
hard  rubber  or  other  similar  substance. 

Sec.  6.  The  State  Conmiission  of  Highways  of  the  State  of  New 
York,  upon  proper  application  in  writing,  may  grant  permission  for 
the  moving  of  heavy  vehides,  loads,  objects,  or  structures  in  excess 
of  a  total  wdght  of  fourteen  tons  over  its  State  and  Coimty  High- 
ways upon  proper  application  in  writing  being  made  therefor,  and 
under  such  restrictions  as  said  Commission  may  prescribe. 

Sec.  7.  The  owner,  driver,  operator  or  mover  of  any  vehide  over 
any  State  or  County  Highway  shall  be  responsible  for  all  damage 
which  said  highway  may  sustain  as  a  result  of  a  violation  of  any  of 
the  provisions  of  the  foregoing  Rules  and  Regulations,  and  the 
amount  thereof  may  be  recovered  in  an  action  of  tort  by  the  State 
Commission  of  Highways  or  by  any  County  Superintendent  of 
Highways  of  any  county  or  by  any  Town  Superintendent  of  High- 
ways in  any  town  in  which  said  violation  occurs. 

Sec.  8.    These  amended  regulations  to  take  effect  February  24, 

1914-  _^ 

"Section  24  of  Chapter  25  of  the  Consolidated  Laws,  entitled 
*  The  Highway  Law,'  provides  that  any  disobedience  of  any  of  the 
foregoing  rules  and  regulations  shall  be  punishable  by  a  fine  of  not 
less  than  $10,  and  not  more  than  $100,  to  be  prosecuted  by  the 
Town,  County  or  District  Superintendent,  and  paid  to  the  County 
Treasurer  to  the  credit  of  the  fund  for  the  maintenance  of  sudi 
highways  in  the  town  where  such  fine  is  collected." 
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Note. — The  first  page  number  given  will  generally  provide  the  data 
desired.  The  page  numbers  for  each  item  are  arranged  in  the  Order 
of  importance  of  the  reference. 


Abrasion  Test,  230,  730 

Brick  test  (brick),  730 

French  coefficient,  230,  234 

Percentage     of     loss     (ordinary 
rocks),  233 
Accidents  (First  Aid),  460 
Adjustment  of  Instruments,  343 
Alignment  (Minimum  Radii),  33-35 

Bffect  on  construction  cost,  34 

Grade  crossings,  35,  549 

Sight  distance.  33,  504 

Switchbacks,  34 
Altitude 

Barometric  determination,  283 . 

Refraction  correction  solar  obser- 
vations, 412 
Amiesite  Pavement 

Cost  data,  604 

Description,  172 

Materials,  amounts  required,  606 
Aneroid  Barometer,  282-283 
Annual  Charges 

Equipment,  camp,  438 

contractors,  627, 
608-621 

survey,  385 

Maintenance  of  pavements,  192- 

214,  S,  7 

Renewal  of  pavements,  190,  s,  7 
Arch  Culverts  (Examples  of),  116, 93 
Areas 

Cross-sections  (planimeter),  512 

Formulae  ordinary  shapes,  828 

Rights-of-way     parcels     (double 
meridian  distance  method).  549 
Artillery  Loads  (MiUtary),  149.  76 
Aiphalt  Block  Pavement 

Cost  data,  610,  177 

Description,  176 

Failures,  common  cause,  187 

Limitations  of  use,  186,  Z77.  507 

Maintenance,  209 

Specifications,  790 

Yearly  cost,  190 


Asphalt  (Kentucky  Rock) 

Cost  data,  602 

Description,  172 
Asphalt  Pavement  (Sheet,  Topeka 

Mix,  etc.) 
Aggregates,  grading  of,  678,  781 
Concrete  foundation,  761,  677 
Crowns,  36 

Description,  general,  171.  i73 
Failures,  common  cause,  187 
Inspection     of     construction, 

677 

Limitations  of  use,  186,  163 

Maintenance,  203 

Specifications,  781 

Thickness  of  surface  mix.  171 

Weight  of  surface  mix,  677 

Yearly  cost,  190 
Asphaltic  Concrete  (see  Bituminous 

Macadam,  Mixing  Method) 
Asphalts  (see  Bitumens) 
Automobiles  (Their  Effect  on  De- 
sign) 

Pleasure  Cars 
Sight  distance,  33 
Skidding,  186 
Traffic  rules,  957 

Trucks 
Loads,  150  ' 

Preformance  on  grades,  17-21 
Traffic  regulations,  148,  957 


Banked  Curve  Sections,  45 
Barometer  Altitudes,  283 
Beams 

Formulae  for  flexure,  952 
.  Safe  loads  concrete  beams,  566 
steel  beams,  561 
timber  beams,  563 
Bench  Levels,  325.  388 
Bench  Marks,  325 
Bitulithic  Pavement  (Warren Bros.)* 
782,  173 
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Bitumont 

Amounts  Used 
for   Surface   applications.   30 1. 
167.  656.  SS3 

penetration  bituminous  ma- 
cadam, 169 
**  Topeka  mix.  781 
Cost  of  applying  as  binder,  600 
Cost  of  applying  as  surface  treat- 
ments, 653-657 
Maintenance  use,  3 10-3  z  a 
Properties  of,  241-348 
Specifications,  731-739 
Tests  and  their  significance,  348- 

353 
Volume  at  different  temperatures, 

371 
Bituminous  Macadam  (Mixing 
Method,  Open  Mix) 

Description,  171 

Specifications,  779 
Bituminous  Macadam  (Penetration 
Method) 

Amount  of  bitumen  required,  169 

Cost  data  (set  also  Cost  data  in- 
dex), 600,  585-600,  635 

Crowns,  170,  36 
'  Description,  169 

Examples  of  current  practice,  47- 
62 

Failures,  common  cause,  187,  671, 
161-163 

Inspection  of  construction,  671 

Life  of  pavement,  190.  6,  7 

Limitations  of  use.  186,  164,  170, 

507 
Maintenance.  199-314 
Maximum  grades,  507.  170 
Si>ecifications,  778 
Thickness   required   on   different 

soils,  153 
Thickness  of  top  course,  169 
Yearly    cost     of     upkeep,     190, 

214.  7 
Bituminous  Surfacings 
Amounts  of  Materials 

Bitumen,  20X,  167,  656,  553 

Cover,  202,  656 
Cost  data,  653-657 
Description,  201,  167,  168 
Methods,  301-214,  167,  168 
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Bituminous  Suifsdngs 
Relative  value  of  materials,  30i, 

210-313 

Specifications,  777 
Blasting  (Small  Boulders),  597 
Bonds  (Highway  Improvement),  6,  i 
Bottom  Courses  (see  Foundations) 
See  also  Macadam 
Gravel 
Sub-base 
Telford 
Boulders 

Cost  of  sledging,  597 
Limitations  for  crushing.  720  (sec- 
tion 0.29) 
Brick  Cube  Pftvement  (McClintock) 
Cost  data,  603 
Description,  182 
Brick  Pavement  (Standard) 
Amounts  of  Material  Required 
Brick,  651 

Expansion  joints,  796 
Grout,  650 
Sand  cushion.  650 
(]ost  data  (see  also  Cost  data  in- 
dex), 647-653 
Crowns,  I75»  36 
Cushion 

Cement-sand.  173,  795 
Sand.  173,  719.  793 
Description,  general,  1 73-175 
Edging,  174.  648,  754.  48.  58 
Examples  of  current  practice,  47- 

63 

Expansion  joints,  796,   173,   175, 

683,  649,  794 
Failures,  common  cause,  187,  794, 

679-683 
Inspection  of  construction,  679-683 
Life  of  pavement,  190,  6.  7 
Limitations  of  use,  186,  164,  175.. 

507 
Maintenance,  304-314 
Mastic  filler,  173.  174.  789 
specifications 

Cement-sand  cushion  tsrpe.  794 

Standard  type.  791 
Yearly  cost  of  upkeep,  190,  314,  7 
Brick  (Paving) 
Hillside,  796,  x86 
Properties,  340 
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Brick  (PftTiiig) 

Sampling,  27a 

Specifications,  730,  791 

Tests,  730-734 
Bridges  (Small  Spui) 

Camber,  809.  817 

Design  loads  (dead),  76,  805 

Design  loads  Give),  76.  805,  806, 

109,  115 
Examples    of    current    practice, 

100-124 
Foundation  piles  (safe  load),  98, 

804,  109 
Foundation  soils  (safe  load),  89, 

811,  808 
Rails  and  parapets,  219,  316,  100- 

124 

Specifications,  800-824 
Timber  floors,  820,  102 
Types  used,  77,  805 
Waterway  opening,  7S-8S 
Weights   of   (approximate),   301, 

547,  548 
Widths  of  roadway,  77.  807 
Bnrkle-Ziegler  Formultt  for  Runoff, 
79 

Calcium  Chloride 

Cost  data.  655.  661 

Description,  166,  202 
Camber,  809.  8x7 
Camera    (Notes  on   Photography), 

423-435 
Camp  Equipment 

Depreciation,  438 

Lists  oft  436-444 
Camp  Medicine  and  Hygiene,  445- 

501 
Cast  Iron 

Specifications,  736 

Weight,  950 
Cast  Iron  Pipe 

Culverts,  examples  of,  89 

Inspection  of  construction.  683 

Specifications,  736,  738 

Weights    and    dimensions,    558, 
738 
Catch  Basins 

Examples  of,  86,  327 

Orates  for,  327 
Cattle  Guards,  228 


Cement 

Amount  required  in  concrete,  623, 
676,  688-697,  802 

Amount  required  in  grouting,  650 

Cost  of  handling,  608-621 

Properties,  252 

Specifications,  252,  717 

Tests,  717 

Weight,  950 
Center  of  Gravity,  954 
Circles,  Areas  and  Circumferences, 

830 
Clearing  and  Grubbing 

Areas,  297 

Specifications,  742 

Widths,  215 
Columns 

Strength  of  timber  long  columns, 

567 
Compass  Variation  from  True  North, 

300-308 
Concrete  Beams  and  Slabs 

Safe  loads,  564-566 
Concrete  Culverts 

Cost,  comparative,  87,  88,  298 

Cost  data,  detail,  621-625 

Design 
Lengths,  77»  807 
Loadings,  76,  805,  806 
Strength  of  slabs,  564,  565^ 
Waterway,  size  of,  75-85 

Discharge  capacity,  approx.,  84 

Examples  of  current  practice,  89- 

97 
Inspection  of  construction,  683- 

687 
Quantities  of  concrete,  623;  688- 

697 
Concrete    Foundations    for    Pave- 
ments 
Cost  data,  detail.  648,  650.  651 
Examples  of  current  practice,  47' 

62 
Inspection,  681 
Specifications,  761 
Concrete  (General) 
Aggregates,  253-3^5 

Cement  (see  Cement) 

Gravel  (see  Gravel) 

Sand  (see  Sand) 

Stone,  254,  719,  803 
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Ctmret 

Functions  of  i*  curve  (table).  349- 

375 
Length  of.  349 

Methods  of  staking  out,  378.  389 
Minimum  radii   (see  Alignment), 

33.  34.  35.  504.  549 
Problems.  380-384 
Radii  of  (table).  346 
Sharp,  avoidance  of.  33-35 
Tangent  length,  376 
Vertical  (see  Vertical  curves).  510- 

S13.  575.  576 
Widening  of  pavement  or  section 

at,  45.  63,  71.  34 

Danger  Signs,  324.  758 
Declination 

Magnetic,  300-308 
Solar,  414-416 
Deformed  Bars  (see  Reinforcement) 
Depreciation 

Camp  equipment.  438 
Contractors'  equipment.  627-631 
of  Pavements,  190,  7 
Survey  equipment,  385 
Depth    of    Foundations     (Small 

Bridges),  808,  810,  117 
Depths  of  Pavements  (Thickness) 
Macadam,  on  different  soils,  152 
Rigid  pavements,  188 
(See  also  Respective  type  of  pave- 
ment) 
Design  of  Highways 
Cost  of  office  work,  570 
Economic,  general  summary,  552 
,  grading,  509.  26,  16,  29 
*'        ,  foundations,  161,  7 
*'        ,  pavement  selection,  7 
Methods 

Bridges  (small  span).  74-124 
Culverts.  74-97 
Grading,  509,  577 
Macadam  roads,  266-282,  509- 

568 
Rigid  pavements,  502-568,  266- 

282 
Pioneer  roads,   567-584.    283- 
322 
Speed  of  office  work,  569 
Supplies,  cost  of  for  office,  568 


Dickens    Formula    for    Runoff    of 

Streams,  82 
Distance  Units  of  Measure,  825 
Ditch  Linings  (see  Gutters),  226 
Ditches 

Dangerous  ditches,  38.  67 

Flow  of  water  in,  228 

Functions  of.  38 

Intercepting.  66 

Protection  of  (see  Gutters),  226, 

74 

Relief  culverts,  74 
Double  Meridian  Distance  Areas, 

549 
Drags  (Road  Drags),  192-198 
Drainage 

Survey  notes,  327,  392 

Underdrains,  125-127,  132 

(See  also  Culverts  and  bridges) 
Driveway  Culverts,  87 
Drop  Inlets,  86,  227 
Ductility  (Test),  249.  722 
Durax  Pavement,  181 
Dust  Layers,  166 

(See  Bitumens) 

(See  Calcium  chloride) 
Dustless  Screenings,  599 

Earth 

Bearing  power  of ,  147.  89,  811.  808 

Shrinkage  of,  507,  577 

Weight  of,  950,  805 
Earth  Excavation 

Amount,  variation  in,, 30-3 2 

Computation  of,  5i5t  283—296 

Inspection,  664,  679 

Slopes,  different  soils,  41,  36 

Specifications,  743-745 

Tables  of  amounts  and  volumes. 
51^537.  285-296 
Earth  Roads 

Cost,  general  comparative.  131 

Crowns,  63.  132 

Description,  130 

Examples  of  current  practice,  55, 
68.  Z32 

Limitations  of  use.  128 

Maintenance,  192-197 

Specifications,  763 

Yearly  cost  of  upkeep,  general, 
comparative,  191 1  7 
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Edging,Concrete,  174. 648,  754.48.58 
Elasticity,  Modulus  of,  951 
Embankments 

Inspection  of  construction,   664, 
680 

Materials  saitable  for,  665 

Settlement  of  (shrinkage).  507 

Slopes,  41 

Specifications.  744-745.  764 
Equipment 

Camp,  43&-444 

Contractors,  627-631,  608-621 

Survey,  333t  385 
Estimates,  Forms  for,  632-639.  581 
Excavation    (see  Earth  and  Rock 

Excavation) 
Expanded  Metal 

Specifications,  736 

Weights  and  dimensions,  555 
Expansion  Joints 

Brick  pavements,  796,  173,  175, 
683,  649.  794 

Concrete    pavements,    181,    178. 
608-621,  786 

Retaining  walls,  219,  220,  222 
Externals 

Of  I*  curve  (table),  349-375 

Failures  (Common  Causes) 

Asphalt     block    pavement,    187, 

176 
Asphalt  pavement,  187*  677 
Bituminous  macadams,  i87t  161, 

171 
Brick  pavement.   187,  679.   794. 

174 
Concrete  pavement  (Hassam),  672 
Concrete         *'  (standard), 

187.  673.  177 

Stone  block  pavement,  187 

Waterbound  macadam.  187.  161, 
166 
Fences 

Cattle  guards,  228 

Property  line,  215 

Snow,  218 
FiUers 

Bituminous  for  block  pavements, 

789.  173,  174 
Cost  data  (see  also  Cost  data  in- 
dex), 590-592 


FiUers 

Grout  (see  Grout),  650,  649,  719. 

793.  797 
Macadam   roads,    240,    590-592* 

162 
Fills  (Earth  and  Stone) 

Inspection  of  construction,  664 
Materials  saitable,  665 
Settlement   of    (shrinkage),    507* 

577 
Slope  stakes,  664 
Slopes  (angle  of  repose).  41 
Specifications.  745,  764 
Financing  Highway  Improvements 
Bonds,  reasonable  length  of  term, 

6.  1 
Effect  of  inadequate  funds  on  de- 
sign, 2 
(General  requirements  to  be  pro- 
vided for,  6,  7 
First  Aid  (Accidents),  460 
Flash  Point  (Test),  722 
Floods  (Small  Watersheds),  75-83 
Floors,  Bridge 
Loading,  76,  806 
Specifications,  806-824 
Foot    (Decimals     of,    in    Inches), 

826 
Footing  (Safe  for  Horses  or  Autos) 
(see  also  Each  type  of  pave- 
ment) 
Limitations    of    different    pave- 
ments, 507,  186 
Forms 

Concrete  roads,  608-621 
Concrete  Masonry 
(^st  of,  621-625 
Removal  of,  685 
Specifications,  749,  808 
Formulae 

Flexure  of  beams,  952 
Safe  loads  on  piles.  98.  109,  804 
Stream  runoff.  82,  79 
Trigometric,  843 
Foundations 
Depth    of    (small    bridges).    808, 

811.  117 
Pavements 
Concrete  foundations,  761,  681, 

47-62,  648,  650.  651 
Macadam  and  gravel,  147-162 
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Fottadatioiis 
PUes 
Formula  for  safe  load,  98 »  804, 

109 
Limits  of  loading,  98 
Soils  t  Bearing  Power 
Bridge  foundations,  89.  98,  8x1, 

808 
Pavement  foundations,  147 
French  Coefflclent  of  Abrasion,  230. 

234 
Functions 

Trigometric,  logarithmi-.  90s 

"  ,  natural.  845-879 

Geological  Classlflcation  of  Rocks, 

336 
Girder  Bridges 

Concrete  girder  (example  of  rein- 
forcement), 134,  77>  806-809 
Weights,  approximate  and  speci- 
fications, 547.  548,  813-820 
Olutrin  (Sulphite  Liquor),  167.  786 
Grade  Crossings 
Alignment    and   grade    at.    549, 

35 
Clearance    and    width    (elimina- 
tion). 547,  35 
Elimination  of,  35.  547 
Grades 

Adverse  grades,  29 
Controlling  points,  26 
Economic  design,  36,  x6,  29,  509. 

577 
Effect  on  auto  trucks,  18-21 

**  cost  of  construction.  24, 

36 

**       **  team  hauling,  10-17 

Intermediate  grades,  26 

Level  grades,  28 

Limiting  rates  on  different  pave- 
ments, 507 

Maximum  grades,  xo-26 

Minimum       *'     ,  28 

Rolling  •*     .26,  S09 

Ruling  •*     ,  10-26 

Grading 

Cost  data.  585.  398 

Inspection,  664 

Specifications.  743 
Gratings  (Catch  Basin),  227 


GraTol  for  Concrete 

Amount,  633,  676 

Quality,  354,  719,  730 

Sizes,  354.  719.  730 
Gravel  Foundations  for  Parement 

Amount  required,  153,  59i 

loam  content,  139,  156 

Manipulation.  139.  X56 

Sizing,  limitations,  X38,  156,  766, 
720 

Specifications,  X39,  760 
Gravel  Roads 

(}ost,  general  comparative.   X43, 

191.  7 

Crowns,     140-143 

Description,  137-X43 

Examples  of  current  practice,  140- 
143 

Limitations  of  use,  128-129 

Maintenance,  1 97—199 

Sections,  140-143 

Specifications,  X39.  760,  763 

Yearly   cost  of  upkeep,    general 
comparative.  191,  7 
Gravity 

Center  of,  954 

Specific  (weights),  950,  233 
Grout 

Amount  required.  650 

Inspection,  683 

Sand  suitable  for,  797,  719 

Specifications,  797*  793 
Grubbing  (see  Clearing) 
Guard  Rail 

Concrete,  3x6,  636.  654 

Wire  cable,  2x8 

Wooden,  2x6,  635.  654,  756 
Guide  Signs,  334,  757 
Gutters 

Brick,  335,  326,  755 

Cobblestone,  335,  336,  626.  754 

Concrete,  335,  326,  755 

Loose  stone,  335,  336.  758 

Hassam  Concrete  Pavement 

Amount    of    materials    reqtiired, 

607.  608 
Cost  data,  607 
Inspection  of.  67a 
Maintenance.  209 
Specifications.  784 
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Hattl 

Computation  of  length,  S39.  64i~ 

647 
Overhaul,  S39.  745 
Hauling 

Cost,  588-590 

Loads  on  different  grades.  15,  16- 

21 

Highway  Bonds,  6,  i 
Horse  Traffic 

Footing  safe  on  grades,  507,  22 
Loads  on  different  grades,  I5~i7 
Tractive   effort   long   and   short 
grades,  16 

Igneous  Rocks,  237 

Impact  Allowance  for,  76.  X02,  109 

Inches  as  Decimals  ot  a  Foot,  826 

Inertia,  Moments  of,  955 

Injuries  (First  Aid),  460 

Inlets  (Drop),  86,  227 

Inspection  (Notes  of  Methods) 

Asphalt  pavement,  677-679 

Brick  *'        ,  679-683 

Concrete       **        ,  673-677 

Culverts,  683-687 

Foundation  courses,  667-670 

Grading,  664-667 

Macadam  surfaces.  670-^73 
Instruments 

Adjustment  of,  343 

Equipment  list,  323,  385 
Interest 

On  pavement  investment,  190 

On  plant  and  pajrroU,  627-631 
Investigations  (Preliminary) 

Cost,  266 

Equipment,  282 

Methods,  266-322 

Sample  report,  274-282,  309-320 

Sampling  materials,  269 
Iron  (see  Cast  and  Wrought  Iron) 

Joists  (Bridge  Floors) 

Distribution  of  life  loads,  806 
Examples  of  size  and  spacing,  100- 

113 
Impact,  allowance,  76,  102,  109 
Safe  loads  steel  joists,  561 
Safe  loads  timber  stringers,  563 


Kentucky  Rock  Asphalt 

Cost  d^ta,  602 

Description,  172 
SSeinpflaster  (Duraz) 

Description,  181 

Land-taking  Surveys,  333 

(See  also  Right-of-way) 
Latitude,  Determination  of,  4x3 
Leaching  Basins,  227.  746 
Level  Adjustments  of,  343 
Leveling 

Accuracy  required,  325-327,  388- 
390 

Methods,  325-^27.  388-390 

Notes,  32s,  3^7.  390,  391 

(See  also  Surveys) 
Life  of  Equipment 

(^mp,  438 

Contractors,  627-631 

Survey,  385 
Life  of  Pavements,  190,  7 
Linear  Measure,  Units  of,  825 
Loads 

Beams  and  Slabs 
Resisting    moments,    formulae, 

952 

Tables  of  safe  loads,  561-566 
Bridge  Design 

Dead  loads,  76,  805 

Live  loads,  76,  805,  806,   109. 

IIS 

Wind  loads,  806 
Columns,  Timber^  Safe  Loads,  567 
Piles,  Formula  for  Safe  Loads,  98, 

804,  109 
Team  Loads  on  Different  Grades, 

15-17 
Wheel  Loading,  Concentrated 

Automobile  trucks,  150 
Farm  wagons,  150 
Military  loads.  149*  76 
Regulation  of  loads,  148 
Rollers   and  traction   engines, 
148 
Location  of  Roads  (see  Survey) 
Log  Culverts  and  Bridges 

Examples  of  current  practice,  97 
Specifications,  740-742 
Logarithms 
Numbers,  880 
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Lostfithms 

Trigometric  functioos.  905 
Log! 

Amount  of  lumber  in*  300 
Lnmhn,  740,  748 

Macadam    (Be«   Waterbooad   and 

Bittuninoiis  Macadam) 
Machinery  (Contractors),  627Hi33, 

6o8-6ai 
Magnetic  DecUnation*  300^308 
Maintenance  of  Highways 

Costs,  detail,  653-661 

Costs,  general,  192-214,  7 

Materials,  199-213 

Methods,  192-214 
Maps  (Plans) 

Preparation  of,  5oa-5S4 

Scales.  503,  57a 
Masonry 

{See  Concrete) 

(See  Stone  masonry) 
Mass  Diagram,  539 
Materials 

Amounts  required  (see  Respective 
material) 

Properties  and  tests,  229-265 

Reports  on  location  and  amount, 

267,  331 

Sampling -(instructions  for),  269 

Strength  of,  95ii  810 

Weight  of,  9S0 
Marimtim  Grades  (see  Grades)    . 
McClintock  Cube  Pavement 

Cost  data,  603 

Description,  182 
Measure  (Units  of),  825 
Medical  Notes 

Accidents  (first  aid),  460-501 

Personal  hygiene.  445 

Remedies  and  doses,  449-455 

Sickness,    symptoms    and   treat- 
ment, 455—460 
Meridian      Determlnatioa      (True 
North) 

Magnetic  variation,  300-308 

Polaris  meridian,  394r*4ii 

Solar  meridian,  402-416 
Meridiograph,  416 
Mesh  Reinforcement 

Dimensions  and  weights,  555 


Mesh  Reinf  orcsmeiil 

Specifications,  736 
Metalling  (Pavements) 

Thickness  required,  I53»  x8S 

Widths  of,  188.  43 
Military  Road  Reqoireme&ts,  149 
Minimnm  Radii  for  Corves 

High  type  improvements  33 

Mountain  conditions,  34 
Modulus  of  Elasticity,  951 
Moments 

Bending,  952 

Inertia,  955 

Resisting,  953  ^ 
Motor  Trucks 

Power  on  grades,  18,  10 

Regulation  of  loads,  148.  957 
Mountain  Roads 

Alignment,  33 

Grades,  10-32 

Office  practice,  561^584 

Preliminary  investigations,    382- 
320 

Sections,  63-73 

Surveys,  384-422 

Natural  Cementj  252 

Natural  Trigometric  Functions*  845- 

879 
North,     Magnetic    (see    Magnetic 

Declination),  300-308 
North,  True  (see  M  vidian),  394-416 

Oil  and  Bitumens,  Table  of  Quanti- 
ties, 553 

(See  also  Bitumens) 
Oiling  (see  Bituminous  Surfadng) 
Ordinance  Loads  (Militsry),  149,  76^ 
Organization 

Office  work,  569 

Survey  work,  323*  3^4 
Overhaul,  539.  745 
Overhead  Charges  (Contract),  627- 

631 

Parabolic  Crowns,  5Sz*  6a 
Paraffin  (Maximnm  Limit),  735-730 
Parapets  (Bridge),  219 
Pavementi  (General) 

Cost  per  mile,  188 

Economic  selection,  7,  163,  164 

Life  of,  190 
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Pavements  (General) 

Limitations  of  use.  186,  164,  x,  7 
Maintenance,  z  99-3 14,  7 
Thickness,  132.  188 
Types  (see  Respective  type  name) 
Amiesite 
Asphalt,  block 
Asphalt,  rock 
Asphalt,  sheet 
Bituminous  macadam 
Brick 

Concrete  Hassam 
Concrete,  standard 
Durax 
Gravel 
Kleinpflaster 
McClintock  cubes 
Rocmac 
Sand  clay 
Stone  block 
Waterbound  macadam 
Wood  block 
Widths,  42,  188 
Paving  Pitch 

Expansion  joints,  796.   173,  175, 

683,  649,  794 
Mastic  filler,  789,  173,  174 
Payroll  (Amounts  Required),  627 
Petroleum,  343 

Photography  (Notes  on),  423-435 
Pile    Trestles     (Examples) «     109- 

115 
PUes 
Loading,  98,  804,  109 
Specifications,  740 
Use  of,  89,  808 
Pipe 

Discharge  capacity,  227 
iSee  also  Cast-iron  pipe) 
("      "    Concrete  pipe) 
(•*      **     Corrugated  metal  pipe) 
C*      ••    Vitrified  pipe) 
Pipe  Rail  (Bridge),  216 
Pitch  (see  Paving  Pitch) 
Planimeter  (Use  of),  512 
Plans  for  Construction,  502-584 
Plants  (Contractors),  608-621,  627- 

632 
Pointing  Masonry,  753t  228 
Polaris  Meridian,  394-411 
Portland  Cement  (see  Cement) 


Posts 

Guard  rail,  2x6 

Sign,  224 
Preliminary  Investigations 

Cost,  266 

Equipment,  282 

Methods,  266-323 

Reports,  sample,   274-282,   309- 
330 

Sampling  materials,  269 
Profile 

Accuracy  required,  390 

Arbitrary  limitations,  28 

Economic  design.  26,  29,  509,  577 

Graphic  methods  of  laying  grade 
line,  509,  S7S,  S76 

Plotting,  506,  571,  574 

Rolling  grades,  26,  27 

Vertical  curves,  510-513.  S7S,  576 
PuddUng  Macadam  Roads 

Amount  of  water  required,  603' 

Cost  data,  602 

Specifications,  775 

Quantities  of  Materials 

Concrete  aggregates,  623,  676,  802 
Concrete  in  culverts,  688 
Concrete  in  pavements,  543,  676 
Excavation  per  100  feet  (side  hill 

roads),  285-296 
Macadam  in  pavements,  543 
Oils  and  bitumens  per  100  feet, 

553 
.  Stone  in  macadam,  540 
Surface  area  of  pavements,  543 

Radii  of  Curves 

Minimum  for  safety,  33-35 
Table  of  values  for  surveys,  346 
Vertical  curves  for  plotting  pro- 
files, 513 
RaiUng 

Bridge,  pipe  rail,  216,  100-134 
Parapets,  solid,  319 
Railroad  Crossings 

Alignment  restrictions,  549,  35 
Elimination  of  Grade  Crossings^  35, 
547 
Clearance  and  widths,  547  . 
Grade  restrictions,  549,  35 
Rainfall,  75-78 
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Rattler 

Brick  test,  730 
Stone    "  ,  230 

Referencing  Transit  Hubs,  333,  387 

Refraction  (Effect  on  Observed  Alti- 
tude), 412 

Reinforcement 
Bars,  Steel 
in  Slabs  and  beams,  564,  566, 

IIS.  117 
Specifications,  736 
Weights  and  sices,  556 
Mesh 
in  Pipe,  738 
"  Slabs.  93 
Specifications,  736 
Weights  and  sizes,  555 
Repairs  (see  Maintenance) 
Repotnting  Masonry,  753t  328 
Reports  (Examples  of) 
Design  report,  final,  544 

"  *•     ,  preliminary,  274 

Investigation,  preliminary,  309 
Survey,  394 
Resurfacing  Macadam,  655 
Retaining  Walls 
Ck>ncrete,  220-222 
Stone  masonry,  73,  220-222,  293 
Right-of-way 
Areas,  297,  S49 
Fences,  215 
Surveys,  333 
Widths,  215 
Rip  Rap 

Necessity  for,  98 
Specifications,  749 
Road  Materials  (see  Materials) 
Road  Sections,  Typical  (see  Sec- 
tions) 
Roads  (General  Tsrpes) 
Earth  roads,  130 


Gravel 


,  137 


Macadam  roads,  163 

Pavements,  rigid,  173 

Sand-clay  roads,  131 
Roadway,  Traveled  Width  of,  37 
Rock  Asphalt 

Cost  data,  602 

Description,  17a 
Rock  Excavation 

Specifications,  743-744 


Rockmac,  184 
Rocks 

Geological  classification,  336 

Properties,  229-240 

Sampling,  269 

Tests,  230-232 

Weights,  233 

{See  also  Crushing) 
Rolling,  592,  796 
Roots,  Square  and  Cube,  830 
Ruling  Grades  (see  Grades) 
Runoff  (Small  Watersheds),  75-85 
Rut  Roads,  130 

Safety  Measures 

Banked  curves,  45 

Crown,  one  way,  63 

Curves,  sharp  avoidance  of,  33-35 

Grade  crossing  eliminations,  35, 

547 

Guard  rail,  216 

Shoulder  slope,  36 

Sight  distance,  33*35 

Skidding  on  pavements,  186 
Sampling  Materials,  269 
Sand 

Concrete  (see  also  Concrete),  718, 
253.  623 

Cushion,  7I9>  649.  6S2 

Filler  for  macadam,  340, 162,  590- 
592 

Grout.  797.  7 19.  650,  649,  793 
Sand-cjay  Roads 

Cost,  general  comparative,    137* 

191 

Description.  131-137 

Limitations  of  use,  128 

Maintenance,  197 

Sand-clay  mixtures,  131,  133 

Sections,  134 

Specifications,  773 
Scarifying  Macadam,  658 
Scour 

Rip  rap  protection  (see  Rip  rap) 

Velocities  producing  scour,  98 
Screed  for  Concrete  Pavement,  674 
Screenings 

Dustless,  599 

Ordinary,  239.  7^0.  593-599 

as  Sand  in  concrete,  719 
Secants,  Table  of,  868 
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Sections  (Cross-sections) 

Field  methods,  325,  390 

Office       f*      ,  506.  57a 

Templets  for,  509 
Sections  (Typical  Examples  of  Cur- 
rent Practice),  47-73 
Settiement  of  Fills,  507 
Shoulder 

Slopes,  36 

Stone  protection,  42,  204 
Shrinkage  of  Bartfawork,  507.  577 
Sickness  (see  Medical) 
Side  HiU  Roads 

Amounts  of  excavation,  285-296 

Drainage,  74 

Sections,  63-73 

Sight  distance.  33'53 
Sight  Distance  on  Curves,  33-35 
Signs 

Danger.  224,  758^ 

Guide,  224,  757 
Sines 

Logarithmic,  905 

Natural,  856 
Skidding,    Automobiles,   Effect   on 

Design,  x86 
Slabs  (Culverts  and  Bridges) 

Effect  of  depth  of  fill,  565 

Examples  of  current  practice,  92. 
114,  117,  119 

Safe  loads,  564 
Slag 

Concrete,  254 

Macadam,  240,  720 
Slipperyness  of  Pavements  (see  also 
Each  Respective  Pavement) 

Limitations    on    hills    for    horse 
traffic,  507 
Slopes 

Angle  of  repose  of  different  soils, 

41 

Slope  stakes,  664 
Snow 

Effect  on  location  mountain  roads, 
386 

Fences,  218 

Removal  from  highways,  212 
Soils 

Bearing  power,  147*89. 98, 811, 808 

Shrinkage,  507.  577 

Weight,  950,  805 


Solar  Meridian,  402-416 
Specifications 

Bridge,  800-824 

General  clauses,  698-717 

Materials,  717-737 

Methods,  737-800 

(See  also  Respective  item  desired) 
Speed  of  Work 

Construction,  628,  608-621 

Design,  569 

Surveys,  333.  384-393 
Sprinkling,  z66 
Square  Roots,  Table  of,  830 
Square  Units  of  Measure  (Conver- 
sion), 825 
Square  Yards,  Table  of,  543 
Squares,  Table  of,  830 
Stadia     Measurements,     416-422, 

335 
Stakes 

Grade,  662,  323 

Slope,  664 
Staking  Out  for  Construction,  662 
Steel 

Specifications,  737 
Steel  Bar  Reinforcement  (see  Rein- 
forcement) 
Stone 

Concrete,  254.  7i9,  802,  623,  676 

Macadam,  229-240,  540,  720 

(Also  see  Rocks  and  crushing) 
Stone  Block  Pavement 

Crowns »- 1 75 

Description,  175 

Failures,  187 

Life  of,  190 

Limitations  of  use.  190,  188,  186. 
164,  7 

Specifications,  797 

Yearly  cost,  190 
Stone  Fills,  z6o,  599.  748 
Stone  Masonry,  752 
Stone  way 

Depths  on  different  soils,  152 

Widths.  42,  188 
Stream  Runoff,  75-85 
Stream  Scour,  98 
Strength  of  Materials 

Beams,  safe  loads,  561-566 

Columns,  **      **      ,  567 

Slabs,        ••      "       .  564-565' 
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Strength  ci  Mateiials 

Working  stresses  different  mate- 
rials, 95it  8io 
Sub-base  (Foimdation  Course) 

Amounts  of  material.  15a,  591 

Cost  data,  600 

Depth  required,  153 

Description,  154 

Fillers,  ISS 

Inspection,  667 

Specifications,  759 
Sttb-srade,  Preparation  of,  662-667, 

IS3.  744 
Sulphite  Liquor  (Glutrln),  167,  786 
Surface  Measures,  Units  and  Con- 
version, 825 
Surgical  Supplies,  451 
Surreys 

Cost  of,  333.  385 

Equipment,  323,  385 

Methods 
Adjustment  of  instruments,  343 
Base  lines,  323*  387 
Cross-sections,  325,  390 
Curves,  34S-384.  389 
Drainage  data,  327,  39a 
Levels,  388,  32s 
Magnetic  variation,  300-308 
Materials,  sampling,  269,  331 
Meridian   determination.    394- 

416 
Stadia  work,  416-422,  335 
Topography,  328,  392 
Traffic  reports,  329 

Organization,  323,  384 

Preliminary  investigations,   266- 
322 

Speed,  333,  384-393 

Tangents 

of  i"  curve  (table),  349 

Logarithmic,  905 

Natural,  845 
Tar 

Maintenance  uses,  200-212 

Properties,  242 

Specifications.  728 
Tar  Surfacing  (see  Bituminous  Sur- 
facing) 
Telford  Base,  157.  759 
Temperature  Units,  825^  673 


Templets 
for  Pavement  construction,  674 
*'  Pl6tting  cro8»^ections.  509 
Testing  Materials 
Methods,  229-265 
Sampling  materials,  369 
Significance  of  tests,  32Sh-265 
Tile,  Porous,  135-127,  746 
{See  also  Vitrified  pipe) 
Timber 
Amount  in  logs,  300 
Beams  and  columns,  safe  loads, 

563,  567 
Bridge,  floors,  820-834,  100-113 
Bridges  (examples  of  current  prac- 
tice), I 00- I 13 
Pavements  (see  Wood  block) 
Weight  of,  per  cubic  foot,  950 
••       •%    "  foot  B.  M.  (treated 
and  natural) ,  805 
Time  (Conversion  of) 

Determination  of  local  mean  time, 

413 

Meantime,  local,  401 

Standard  times  in  U.  S.,  397 
Tires,  Wagon 

Allowable  load  per  inch   width, 
148-150 

Effect  of  width  on  tractive  resist- 
ance, 13-15 
Toe  Walls,  233 

Top  Courses  (see  RespectiTe  Pave- 
ment) 
Topeka  Mix  (see  Asphalt  Pavement) 
Topography 

Field  methods,  338,  393 

Office  methods,  505 
Toughness,  Tests  for^  331,  733 
Traction  Engines,  148,  957-969 
Tractive  Power  (Horses),  xi 
TraiBc 

Classification,  164 

Regulation,  148,  957-969 

Reports,  339 
Transit,  adjustment  of,  343 
Traverse  Computations,  334 
Trestles 

Examples  of  current  practice,  X09- 

115 
Triangles,  Solution  of,  843 
Trigometric  FormuI«,  843 
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Trtgometric  Functiont 
Logarithmic,  905 

Natural.  845-879 
Tracks,  Automobile 
Power  on  grades,  18,  10 
Regulation  of,  148,  957-969 

Vaderdrains 

Porous  tile,  125-127,  746 

Stone,  125-127 
Unloading  Stone  Cost,  586 

Variation  (Magnetic  Meridian),  300- 

'308 
Velocity  of  Stream  Flow 
FormulsB  for,  98 
Souring  action,  98 
Vertical  Cunres 

Formulae  for,  510-513 
Graphic  methods,  510,  513,  575 
Radii  of,  5x3 
Vitrified  Pipe 

Dimensions  and  weight,  560 
Discharge  capacity,  227 
Specifications,  745 
Voids,  Determination  of,  180 
Volumes 
Pormulee,  828 
Units  of  measure,  825 

Wagon  Loads 
on  Different  grades,  15 
Farm  wagons,  150 
Walls 
Retaining  walls.  219-222,  73,  293 
Toe  walls,  223 
Warning  Signs  (see  Danger  Signs) 
Water 

Amount  for  concrete,  674,  262    - 

"   puddUng.  603 
Cost  of,  608-621 
Specifications,  718 
Weight  of,  950 
Waterbound  Macadam 

Depth  on  different  soils,  152 
Foundation  courses,  153-162 
Top  Course 
Amounts  of  materials 
Screenings,  59X 
Stone,  591 
'Water,  603 


Waterbound  Macadam 
Top  Count 
(3o8t  data,  detail,  585-603,  627- 

640 
Cost  data,  general,  165 
Crowns,  165,  36 
Description,  165 
Examples  of  currenii  practice, 

47-62 
Failures,  common  cause.    187. 

161 
Inspection  of  construction,  670 
Life  of,  190,  213 
Limitations  of  use,    186,    188, 

164,  166,  7 
Maintenance,  199-214 
Maximum  grades,  166 
Specifications,  775 
Thickness,  165 

Yearly  cost  of  upkeep,  190,  213 
Waterway  of  Culverts 

Determination  of  size,  75-85 
Wear 
Abrasion,  percentage  of,  230.  233, 

730 
French  coefficient,  23^  234 
Weights  of  Materials 
Bars,  steel.  556 
Cast-iron  pipe,  558 
Corrugated  metal  pipe.  559 
Cubic  foot  various  materials,  950 
Metal  mesh,  555 
Rocks,  233 

Timber  per  foot  B.  M.,  805 
Vitrified  pipe,  560 
Wheel  Loads 
Farm  wagons,  150 
Military  ordinance,  149,  76 
Regulation  of  loads,  148,  957-969 
Rollers,  148 
Trucks,  150 
Widths 
of  Bridges,  77.  807 
of  Pavements,  42,  188 
of  Sections,  38-72 
of  Traveled  way,  37 
Wood  Block  Pavement 

Specifications,  787 
Working  Stresses  of  Materials,  95 1| 
^810 
Wrought  Iron  Specificatioii8>  736 
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Yearly  Charges  Yearly  Charges 

Camp  equipment,  438  Pavements,  maintenance 

Contractore'  equipment.  627-632.  newals,  190,  192—214,  5; 

608-621  Survey  equipment*  385 
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CONDENSED  LIST  OF  MOST  USED  DATA 
First  Aid  in  Case  of  Accident 460 


SURVEY  DATA 


-*  .- 


Radii  of  Curves 

Tangents  and  Externals  1^  Curve 849 

Conversion  Degree  of  Slope  to  %  of  Grade 297 

4 

ESTIMATE  AND  DESIGN  DATA 

Vohunes  60'  Cross  Sections 616 

Volume  of  Excavation  Side  Hill  Locations 285-296 

Required  Depth  of  Maeadam  on  Different  Soils X62 

Table  of  Macadam  Quantities 648 

Square  Yards  of  Pavement  per  100' 548 

Weights  of  Cast  Iron  Pipe 568 

freights  of  Corrugated  l^n  Pipe 669 

Weights  of  Vitrified  Pipe 560 

Steel  Bar  Reinforcement. 566 

Metal  Mesh  Reinforcement 656 

Thickness  of  Concrete  Bridge  Slabs 565 

Material  Required  per  Cu.  Yd.  Concrete 628 

General  Tables  and  Eormulie,..!^  * 825-966 


